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The present Edition of this Work, like the twn 
preceding, has been compiled for the use of the ca- 
dets of the U. S. Military Academy, and comprises 
that part of the Course of Civil Engineering taught 
them which the Author deemed would prove the most 
useful to pupils in other seminaries, studying for the 
profession of the civil engineer. 



>^ In preparing this Edition, the Author has found it 

^ necessary to recast and rewrite the greater portion 

r of the work; owing to the considerable additions 

made to it, and called for by the vast accumulation 
of important facts since die publication of the former 
editions. A new form has also been given to the 
work, in the substitution of wood-cuts in the body 
of it for the plates in the former editions, as better 
adapted to its main object as a text-book. From 
these additions and changes, the Author trusts that 
the work will be found to contain all of the essential 
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principles and facts respecting tliose branches of the 
subject of which it treats; and that it will prove a 
serviceable aid to instructors and pupils, in opening 
the way to a more extensive orosecution ol tlii! 
studies connected witn the engineer's art. 
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CIVIL ENGINEERING 



BUILDING MATERIALS. 

1. A KNOWLEDGE of the properties of building materials is one 
of the most important branches of Civil Engineering. An en- 
gineer, to be enabled to make a judicious selection of materials, 
and to apply them so that the ends of sound economy and skilful 
workmansmp shall be equally subserved, nmst know their or- 
dinary durabihty under the various circumstances in which tliey 
are employed, and the means of increasing it when desirable ; 
their capacity to sustain, without injury to their physical quali- 
ties, permanent strains, whether exerted to crush tnem, tear them 
asunder, or lo break them transversely ; their resistance to rup- 
eure and wear, from percussion and attrition ; and, finally, the 
time and expense necessary to convert them to tiie uses for which 
tliey may be required. 

2. The materials in general use for civil constructions may be 
arranged under the three following heads : 

1st. Those which constitute the more sohd components of 
structures, as Stones Brick, Wood, and the Metals. 

2d. The cements in general, as Martar, Mastics, Glue, &c., 
which are used to unite Uie more solid parts. 

3d. The various mixtures and chemical prepvations, as solu- 
tions of Salts, Paints, Bituminous Substances, &c., employed 
to coat the more solid parts, and protect them from the chemical 
and mechanical action of atmospheric changes, and other causes 
of destructibility. 

STONE. 

3 The term Stone, or Rock, is applied to any aggregation of 
■everal mineral substances. Stones, for the convenience of de- 
■cripuon, may be arranged under three general heads — ^the silu 
iioUMf the argillaceous^ and the calcareous. 

I 
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4. SiLiciovs Stones. The stones arranged under this head 
receive their appellation from stlexy the principal constitueni ot the 
minerals wkcn compose them. They are also frequently desig- 
nated, either accordin;^ to the mineral found most abunaantly in 
them, or from the appearance of the stone, a? feldspathic, quart* 
zosBy arenaceous, &c. 

5. The siUcious stones generally do not effervesce with acids, 
and emit sparks when struck with a steel. They possess, in a 
high decree, the properties of strength, hardness, and durability ; 
and, although presenting great diversity in the degree of these 
properties, as well as in their structure, they furnish an ( xtensive 
variety of the best stone for the various purposes of tlie engineer 
and architect. 

6. SienitBy Porphyry, and Green-stone, from the abundance 
of feldspar which they contain, are often designated as feldspathic 
rocks. For durabihty, strength, and hardness, they may be placed 
in the first rank of silicious stones. 

7. Sienite consists of a granular aggregation of feldspar, horn- 
blende, and quartz. It furnishes one of the most valuable building 
stones, particularly for structures which require great strengtli, 
or are exposed to any very active causes of destructibility, as 
sea walls, lighthouses, and fortifications. Sienite occurs in exten- 
sive beds, and may be obtained, from the localities where it is 
quarried, in blocks of any requisite size. It does not yield easiiy 
to the chisel, owing to its great hardness, and when coarse- 
grained it cannot be wrought to a smooth surface. Like all 
stones in which feldspar is found, the durability of sienite de- 
pends essentially upon the composition of this mineral, which, 
owing to the potash it contains, sometimes decomposes very rap- 
idly when exposed to tlie weather. The durability of feldspathic 
rocks, however, is very variable, even where their composition is 
the same ; no pains should therefore be spared to ascertain this 
property in stone taken from new quarries, before using it for 
important public works. 

8. PorpAyry. This stone is usually composed of compact feld- 
spar, having crystals of the same, and sometimes those of othei 
minerals, scattered through the mass. Porphyry furnishes stones 
of various colors and texture ; the usual color being reddish, ap 
proacliing to purple, from wliich the stone takes its name. Out 
of the most beautiful varieties is a hrecciated porphyry, consist 
ing of angular fragments of the stone united bv a cement of com 
pact feldspar. Porphyry, from its rareness and extreme hardness 
IS seldom applied to any other than ornamental purposes. The 
best known localities of sienite and porphyry are in the neighbor . 
hood of Boston. 

9. Greenstone. This stone is a mixturo of hornblende wiu 
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uMfimon and compact feldspar, presenting somet mes a granular 
though usually a compact texture. Its ordinary color, when dry 
18 some shade of brown; but, when wet, it becomes gi'eensh^ 
from which it takes its name. Green-stone is yery haiti, and 
one of the most dm able rocks ; but, occurring in small and 
hregular blocks, its uses as a building stone are very restricted 
When walls of this stone are built with very white mortar, they 
present a picturesque appearance, and it is on that account well 
adapted to rural architecture. Green-stone might also be used 
as a material for road-making ; large quantities of it are annually 
taken from the principal locality of this rock in the United States, 
80 well known as the PaUsades, on the Hudson, for construct- 
ing wharves, as it is found to withstand well the action of sail 
water. 

10. Granite and Gneiss. The constituents of these two stones 
are the same ; being a granular aggregation of quartz, feldspar, 
and mica, in variable proportions. They differ only in their 
structure ; gneiss being a stratified rock, the ingredients of 
wliich occur frequently in a more or less laminated state. Gneiss 
although less valuable than granite, owing to the effect of its 
structure on the size of the blocks which it yields, and from Jts 
not sphtting as smoothly as granite across its beds of stratifici- 
tion, furnishes a building stone suitable for most architectunil 
purposes. It is also a good flagging material, when it can be ob- 
tained in thin slabs. 

Granite varies greatly in quality, according to its texture and 
the relative proportions of its constituents. When the quartz is 
in excess, it renders the stone hard and brittle, and very difficult 
to be worked with the chisel. An excess of mica usually make* 
the stone friable. An excess of feldspar gives the stone a white 
hue, and makes it freer under the chisel. The best granites are 
those with a fine grain, in which the constituents seem uniformly 
disseminated tlirough the mass. The color of granite is usually 
some shade of gray ; when it varies from this, it is owing to the 
color of the feldspar. One of its varieties, known as Oriental 
gninite, has a fine reddish hue, and is chiefly used for ornamental 
purposes. Granite is sometimes mistaken for sienitc, when il 
contains but little mica. 

The quality of granite is affected by the foreign minerals wliicii 
It may contain ; hornblende is said to render it tough, and schor) 
makes it quite brittle. The protoxide and sulphurets of iron are 
the most injurious in their effects on granite ; the former by con 
version into a peroxide, and the latter by decomposing, destroying 
tlie stiucture of the stone, and causing it to break up and disin- 
tegrate. 

Granite, gneiss, and sienite, differ so little in their essentia* 



4 BUILDING MATERIALS. 

qualities, as a building material, that tliey may lic used indidTeT 
ently for all structures of a solid and durable •character. They 
lire extensively quarried in most of the New England States, in 
New York, and in some of the other States intersected by the 
great range of primitive rocks, where the quarries lie contiguouft 
to tide-water. 

11. Mica Slate. The constituents of this stone are quartz and 
mica ; the latter predominating. It is principally used as a flag 
ging stone, and as ti^fire stone, or lining for furnaces. 

12. Buhr^ or Mill-stone. This is a very hard, durable stone, 

E resenting a peculiar, honeycomb appearance. It makes a good 
uilding material for common purposes, and is also suitable for 
roa^' coverings. 

13. Horn-stone. This is a highly siUcious and very hard 
stone. It resembles flint in its structure, and takes its name 
from its translucent, horn-like appearance. It furnishes a very 
good road material. 

14. Steatite^ or Soap-stone. This stone is a partially indura- 
ted talc. It is a venr soft stone, and not suitable for ordinary 
building purposes. It furnishes a good fire-stone, and is useu 
for the lining of fireplaces. 

15. Talcose Slate. This stone resembles mica slate, being an 
aggregation of quartz and talc. It is applied to the same pur- 
poses as mica slate. 

16. Sand-stone. This stone consists of grains of silicious 
sand, arising from the disintegration of silicious rocks, which are 
united by some natural cement, generally of an argillaceous or a 
silicious character. 

The strength, hardness, and durability of sand-stone vary be- 
tween very wide limits. Some varieties being little inferior to 
good granite, as a building stone, others bein^ very soft, friable, 
and disintegrating rapidly when exposed to the weather. The 
least durable sand-stones are those which contain tlie most argil- 
laceous matter ; those of a fcldspathic character are also found 
not to withstand well the action of weather. 

Sand-stone is used very extensively as a building stone, for 
flagging, for road materials, and some of its varieties frimish an 
excellent fire-stone. Most of the varieties of sard-stone yield 
readily under the chisel and saw, and split evenly, and, from 
these properties, have received from workmen the name oi free 
stone. The colors of sand-stone present also a variety of shades, 
principally of gray, brown, and red. 

The formations of sand-stone in the United States are very 
extensive, and a number of quarries are worked in New England, 
New York, and the Middle States. These formations, and the 
character of the stone obtained from them, are minutely desmbed 
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m the Geological Reports of these States, which have been pub* 
lislied within the last few years. 

Most of the stone used for the public buildings in Washinffton, 
IS a sand-stone obtained from quarries on Acquia Creek and the 
Riippahannock. Much of this stone is feldspathic, possesses but 
little strength, and disintegrates rapidly. The red sand-stones 
which are used in our large cities, are either from quarries in a 
fonnation extending from the Hudson to North Carolina, or from 
a separate deposite in the valley of the Connecticut. The most 
durable and hard portions of these formations occur in the neigh 
borhood of trap dikes. The fine flagging-stone used in our cities 
is mostly oblamed, either from the Connecticut quarries, or from 
others near the Hudson, in Uie Catskill group of mountains. 
Many quarries, which yield an excellent building stone, are 
worked in the extensive formations along the Appalachian range, 
which extends through the interior, through New York and Vir- 
ginia, and the intermediate States. 

17. Argillaceous Stones. The stones arranged imder this 
head are mostly composed of clay, in a more or less indurated 
state, and presenting a laminated structure. They vary greatly 
m strength, and are generally not durable, decomposing in some 
cases very rapidly, from changes in the metallic sulphurets and 
salts found in most of them. The uses of this class of stones 
are restricted to roofing and flagging. 

18. Roofing Slate. This well-known stone is obtained from 
A hard, indurated clay, the surfaces of the lamina having a natu- 
ral polish. The best kinds split into thin, uniform, light slabs ; 
are free from sulphurets of iron ; give a clear rinring sound when 
struck ; and absorb but little water. Much of the roofing slate 
quarried in the United States is of a very inferior quality, and 
becomes rotten, or decomposes, after a few years' exposure. The 
durability of the best European slate is about one hundred years ; 
and it is stated that the material obtained from some of the quar- 
ries worked in die United States, is not apparently inferior to the 
best foreign slate brought into our markets. Several quarries of 
roofing slate are worked in the New England States, New York, 
and Pennsylvania. 

J 9. Graj/wacke Slate. The composition of tliis stone is 
mostly indurated clay. It has a more earthy appearance than 
nrcillaceous slate, and is generally distinctly arenaceous. Its 
colors are usually dark gray, or red. It is quarried principally 
for flagging-stone. 

20. Hornblende Slate This stone, known also as green-stone 
slate, properly belongs to the silicious class. It consists mostly 
of hornblende having a laminated structure. It » chiefly quarried 
for flagging-stone. 
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I5t. CiktCAREots Stones. Lime is the pr'ncipal constituen 
of this class, the carbonates of which, known as Ume'SUme and 
nutrblef furnish a large amount of ordinary b lilding stone, most 
of the ornamental stones, and the chief ingredient in the compo- 
sition of the cements and mortars, used in stone and brick-work. 
Lime-stone effervesces copiously with acids ; its texture is de 
stroyed by a strong heat, which also drives off its carbonic acio 
and water, converting it into quick lime. By absorbing water, 
quick-lime is converted into a hydrate, or slaked lime ; consider- 
able heat is evolved during this chemical change, and the stone 
increases in bulk, and ^^ually crumbles down into a fine 
powder. 

The lime-stones present great diversity in their physical prop- 
erties. Some of them seem as durable as the best suicious stones, 
and are but little inferior to them in strength and liardness ; others 
decompose rapidly on exposure to the weather ; and some kinds 
ar^ so soft that, when first quafried, they can be scratched with 
the nail, and broken between the fingers. The lime-stones are 
generally impure carbonates ; and we are indebted to these im- 
purities for some of the most beautiful, as well as the most inval- 
uable materials used for constructions. Those which are colored 
by metallic oxides, or by the presence of other minerals, furnish 
the large number of colored and variegated marbles ; while those 
which contain a certain proportion of clay, or of magnesia, yield, 
on calcination, those cements which, from their possessing the 
property of hardening under water, have received the various 
appellations of hydraulic lime, water lime, Roman cement, &c. 

Lime-stone is divided into two principal classes, granular 
lime-stone and compact lime-stone. Each of these furnishes both 
the marbles an^ orainary building stone. The varieties not sus- 
ceptible of receiving a polish, are sometimes called common lime- 
stone. 

The ffranular lime-stones are generally superior to the compact 
for building purposes. Those which have the finest grain are the 
best, both for marbles and ordinary building stone. The coarse 
grained varieties are frequently friable, and disintegrate rapidly 
when exposed to the weather. All the varieties, both of the com- 
pact and granular, work freely under the chisel and grit-saw, and 
may be obtained in blocks of any suitable dimensions for tlie 
heaviest structures. 

The durability of lime-stone is very materially affected by the 
toreign minerals it may contain ; the presence of clay injures the » 
stone, particularly when, as sometimes happens, it runs tbrougli 
the bed in very minute veins : blocks of stone having this imper- 
fection, soon separate along these veins on exposure to moisture. 
The protoxide, the protocarbonate, and the suiphuret of iron, an 
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also very destructive in their effects ; frequently causing by theii 
chemical changes, rapid disintegration. 

Among the varieties of impure carbonates of lime, the magne 
nan lime-stones, called dolomites, merit to be particularly no^ 
liced. They are regarded in Europe as a superior building 
material ; tliose being considered the best which are most crys- 
talline, and are composed of nearly equal proportions of the 
carbonates of lime and ^lagnesia. Some of the quarries of this 
stone, which have been opened in New York and Massachusetts, 
have given a different result ; the stone obtained from them being, 
in some cases, extremely friable. 

22. Mm'hles. The term marble is now applied exclusively 
to any hme-stone which will receive a polish. Owing to the cost 
of preparing marble, it is restricted in its uses to ornamental pur 
poses. The marbles present great variety, both in color and ap 
pearance, and have generally received some appropriate name 
descriptive of these accidents. 

23. Statuary Marble is of the purest white, finest grain, and 
free from all foreiffn minerals. It receives that delicate polish, 
without glare, whicn admirably adapts it to the purposes of the 
sculptor, for whose uses it is mostly reserved. 

24. Conglomerate Marble, This consists of two varieties ; the 
one termed pudding stone, which is cotnposed of rounded pebbles 
imbedded in compact lime-stone ; the other termed breccia^ con- 
sisting of angular fragments united in a similar manner. The 
colors of these marbles are generally variegated, forming a very 
handsome ornamental material. 

25. Birds-eye Marble, The name of this stone is descriptive 
of its appearance, which arises from the cross sections of a pecu- 
liar fossil {fucotdes demissus) contained in the mass, made in 
sawing or splitting it. 

26. Lumacliella Marble, This is obtained from a lime-stone 
having shells imbedded in it, and takes its name from this cir- 
cumstance. 

27. Verd Antique, This is a rare and costly variety, of a 
beautiful green color, caused by veins and blotches of serpentine 
diffused through the lime-stone. 

28. The terms veined, golden, Italian, Irish, &c., given to 
tlie marbles found in our markets, are significant of their appear- 
ance, or of the localities from which they are procured. 

29. Lime-stone is so extensively diffused throughout the Uni- 
tsd States, and is quarried, either for building stone or to furnish 
hme, in so many localities, that it would be impracticable to enu 
merate all within any moderate compass. One of the most re- 
markable formations of this stone extends, in an uninterrupted 
Dedy from Canada, through tlie States of Vermont, Mass., Conn 
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New York, New Jersey, Penn., and Virg., and, in all probabiliijf 
much farther south. 

Marbles are quarried in various localities in the United States 
AiTiong the most noted are the quarries in Berkshire Co., Mass.. 
which furnish both pure and variegated marbles ; those on the 
Potomac, from which the columns of conglomerate marbles were 
obtained that are seen in the interior of the Capitol at Washing- 
ton ; several in New York, which furnish white, the birds-eye, ana 
otlier variegated kinds; and some in Conn., which, among other 
varieties, furnish a verd antique of handsome quality. 

Lime-stone is burned, either for building or agricultural pur- 
poses, in almost every locality where deposites of the stone occur. 
T homaston, in Maine, has supplied for some years most of the 
markets on the sea-board with a material which is considered as 
a superior article for ordinary building purposes. One of the 
greatest additions to the building resources of our country, was 
made in the discovery of the hydraulic or water lime-stones of 
New York. The preparation ol this material, so indispensable 
for all hydraulic works and heavy structures of stone, is carried 
on extensively at Roundout, on the Delaware and Hudson canal, 
in Madison Co., and is sent to every part of the United States, 
being in great demand for all the public works carried on under 
the superintendence of our civil and military engineers. A not 
less valuable addition to our building materials has been made by 
Prof. W*. B. Rogers, who, a few years since, directed the atten- 
tion of engineers to the dolomites, for their good hydraulic prop- 
jrties. From experiments made by Vicat, in France, who first 
there observed tne same properties in the dolomite, and froni 
those in our own country, it appears highly probable that the mag- 
iiesian lime-stones, containing a certain proportion of magnesia, 
will be found fully equal to the argillaceous, from which hydraulic 
lime has hitherto been solely obtained. 

Both of these lime-stones belong to very extensive formations. 
The hydraulic lime-stones of New York occur in a deposite called 
the \Vater-Hme Group, in the Geological Survey of New York 
corresponding to formation VI. of Prof. H. B. Rogers' arrange- 
ment of the rocks of Penn. This formation is co-extensive with 
the Helderberg Range as it crosses New York ; it is exposed in 
many of the valleys of Penn. and Virg., west of the Great Valley. 
It may be sought for just below or not far beneath the Oriskany 
sand-stones of the New York Survey, which correspond to form- 
ation VII. of Rogers. This sand-stone is easily recognised, being 
of a yellowish white color, gianular texture, with large cavities 
left by decayed shells. The hme-stone is usually an earthy 
drab-colored rock, sometimes a greenish blue, which doos no 
slake after being burned. 
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The hydranlic magnesian lime-stones belong to the formationn 
[I. and VI. of Rogers ; the first of these is the same as the Black 
River, or Mohawk lime-stone of the New York Survey. It is the 
oldest fossiliferous lime-stone in the United States, and occurs 
ihroughoul the whole bed, associated with the slates which occu- 
py formation III. of Rogers, and are called the Hudson River 
Group in the New York Survey. This extensive bed lies in the 
great Appalachian Valley, known as the Valley of Lake Cham- 
plain, Valley of the Hudson, as far as the Highlands, Cumberland 
Valley, Valley of Virginia, and Valley of East Tennessee. The 
same stone is found in tlie deposites of some of tlie western val- 
leys of the moimtain region of Penn. and Virginia. 

The important e of hydraulic lime to the security of structures 
exposed to constant moisture, renders a knowledge of the geo- 
logical positions of those lime-stones from which it can be ob 
tained an object of great interest. From the results of the various 
geological surveys made in the United States, and in Europe, 
Bme-stone, possessing hydraulic properties when calcined, may 
be looked for among those beds which are found in connection 
with the shales^ or other argillaceous deposites. The celebrated 
Roman^ or Parker's cement^ of England, which, from its prompt 
induration in water, has become an important article of commerce, 
is manufactured from nodules of a concretionary argillaceous 
lime-stone, called septaria, from being traversed by veins of 
sparry carbonate of lime. Nodules of this character are found 
in Mass., and in some other States ; and it is probable thejr would 
yield, if suitably calcined and cround, an article in nowise inferior 
to that imported. 

30. Gypsum^ or Plaster of Paris, This stone is a sulphate of 
Ume, and has received its name from the extensive use made of 
it at Paris, and in its neighborhood, where it is quarried and sent to 
all parts of the world ; bemg of a superior quality, owing, it is stated, 
to a certain portion of carbonate of lime which the stone contains. 
Gypsum is a very soft stone, and is not used as a building stone. 
Its chief utility is in furnishing a beautiful material for the orna- 
mental casts and mouldings in the interior of edifices. For this 
purpose it is prepared by calcining, or, as the workmen term it, 
boiling the stone, until it is deprived of its water of crystallization. 
In tliis state it is made into a thin paste, and poured into moulds to 
form the cast, in which it hardens very promptly. Ca Icined plaster 
of Paris is also used as a cement for stone ; but it is emmently unfit 
for this purpose ; for when exposed, in any situation, to moisture 
t absorbs it with avidity, swells, cracks, and exfoliates rapidly. 

Gypsum is found in various localities in the United States 
Large quantities of it are quarried in New York, both for build 
\ng and agricultural purposes. 
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81. Durability of Stone. The most important properUc« 
of stone, as a building material, are its durability under the or 
dinary circumstances of exposure to weather ; iti capacity to 
sustam high degrees of temperature ; and its resistance to the 
destructive action of fresh and salt water. 

The wear of stone from ordinary exposure is very variablef 
depending, not only upon the texture and constituent elements of 
the stone, but also upon the locaUty and the position it may oc« 
cupy in a structure, with respect to the prevailing driving rains. 
The chemist and geologist have not, thus far, laid down any in- 
fallible rules to guide the engineer in the selection of a material 
that may be pronounced durable for the ordinary period allotted 
to the works of man. In truth, the subject admits of only gen< 
oral indications ; for stones having the same texture and chemical 
composition, from causes not fully ascertained, are found to pos- 
sess very different degrees of duration. This has been particu- 
larly noted in feldspatnic rocks. As a general rule, those stones 
which are fine-gramed, absorb least water, and are of greatest 
specific gravity, are also most durable under ordinary exposures. 
The weight of a stone, however, may arise from a large propor- 
tion of iron in the state of a protoxide, a circumstance generally 
unfavorable to its durabihty. JBesides, the various chemical com 
binations of iron, potash and clay, when found in considerable 
quantities, both in the primary and sedimentary silicious rocks, 
creatly affect their durabihty. The potash contained in feldsjiar 
aissolves, and carrying off a considerable proportion of Hie silica, 
leaves nothing but aluminous matter behmd. The clay, on the 
other hand, absorbs water, becomes soft, and causes the stone to 
crumble to pieces. Iron in the form of protoxide, in some cases 
only, discolors the stone by its conversion into a peroxide. This 
discoloration, while it greatly diminishes the value of some stones, 
as in white marble, in others is not disagreeable to the eye, pro 
ducing often a mottled appearance in buildings which adds to the 
picturesque effect. 

32. Frost, or rather the alternate actions of freezing and thaw 
ing, is the most destructive agent of Nature with which the en 
fifineer has to contend. Its effects vary with the texture of stones , 
those of a fissile nature usually splitting, while the more porous 
kinds disintegrate, or exfoliate at the surface. When stone from 
a new quarry is to be tried, the best indication of its resistance tc 
frost may be obtained from an examination of any rocks of the 
same kind, within its vicinity, which are known to have been 
exposed for a long period, submitting the stone fresh from the 
quarry to the direct action of freezing would seem to be the most 
certain test, were the stone destroyed by the expansive action 

one of frost : but besides the uncertainty of this test, it is known 
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that some stones, which, when first quarried, are much affected 
by frost, splitting under its action, become imf)ervious to it afte, 
ifaey have lost the moisture of the quarry, as they do not re-absorfe 
uear so large an amount as they bring irom the quarry. 

33. M. Brard, a French chemist, has given a process for as* 
certaining the effects of frost on stone, which has met with the ap 
proval ofmany French architects and en^neers of standing, as 't 
corresponds with their experience. M. brard directs that a smali 
cubical block, about two inches on the edge, shaL ^)e carefriUy 
sawed from the stone to be tested. A cold saturate. Lolution oi 
sulphate of soda is prepared, placed over a fire, and brought to 
the boiling point. Tne stone, suspended from a string, is im- 
mersed in tne boiling liquid, and kept there during thirty minutes ; 
it is then carefully withdrawn ; the liquid is decantea free from 
sediment into a flat vessel, and the stone is suspended over it in 
a cool cellar. An effiorescence of the salt soon makes its appear- 
ance on the stone, when it must be again dipped into the liquid. 
This should be done once or more frequently during the day 
and the process be continued in this way for about a week. The 
earthy sediment, found at the end of this period in the vessel, is 
weighed, and its quantity will give an indication of the like effect 
of frost. This process, with the official statement of a commission 
of engineers and architects, by whom it was tested, is minutely 
detailed in vol. 38, Annales ae Chimie et de Physique^ and the 
results are such as to commend it to the attention of eiigineers in 
submitting new stones to trial. 

34. By the absorption of water, stones become softer and more 
friable. The materials for road coverings should be selected 
from those stones which absorb least water, and are also hard 
and not brittle. Granite, and its varieties, lime-stone, and com- 
mon sand-stone, do not make good road materials of broken stone. 
All the hornblende rocks, porphyry, compact feldspar, and the 
quartzose rock associated with graywacke, furnish good, durable 
road coverings. The fine-grained granites which contain but a 
small proportion of mica, tne fine-grained silicious sand-stones 
which are free from clay, and carbonate of lime, form a durable 
material when used in blocks for pavinf . Mica slate, talcose 
slate, hornblende slate, some varieties of gneiss, some varieties 
of sand-stone of a slaty structure, and graywacke slate, yield ex- 
cellent materials for flaj^-stone. 

35. The influence of locality on *iie durability of stone is very 
marked. * Stone is observed to wear more rapidly in cities than 
m the country ; and the stone in those parts of edifices eroosed 
io the prevaiung i-ains and winds, soonest exl^ibits signs of decay, 
l^he disintegration of the stratified stones placed in a wall, is 
naainly affected by the position which the stnita or quarry M 
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rcceiv3«, witli respect to the exposed s^^xface ; proceeding faRtr.i 
when the faces of the strata are exposed, than in the contrary 
position. 

30. Stones which resist a high degree of heat without fusinfl 
are used for lining furnaces, and are termed fire*stones. A good 
fire -stone should not only be infusible, but also not liable to crack 
or exfoUate from heat. Stones that contain lime, or magnesia, 
except in the form of silicates, are usually unsuitable for fire- 
stones. Some porous silicious lime-stones, as well as some gyp- 
sous silicious rocks, resist moderate degrees of heat. Stones 
that contain much potash are very fusible under high tempera- 
tiures, running into a glassy substance. Quartz and mica, in 
various combinations, furnish a good fire-stone ; as, for example, 
finely granular quartz with thin layers of mica, mica slate of the 
same structure, and some kinds of gneiss which contain a large 
proportion of arenaceous quartz. Several varieties of sand-stone 
make a good lining for furnaces. They are usually those varie 
ties whicli are free from feldspar, somewhat porous, and are un 
crystallized in the mass. Talcose slate likewise furnishes a good 
fire-stone. 

37. Hardness is an essential quality in stone exposed to wear 
from the attrition of hard bodies. Stones selected for paving, flag- 
ging, and steps for stairs, should be hard, and of -a grain sum 
ciently coarse not to admit of becoming very smooth under the 
action to which they are submitted. As great hardness adds to 
the difficulty of working stone witli the chisel, and to the cost of 
the prepared material, builders prefer the softer or free-storieSf 
such as the lime-stones and sand-stones, for most building pur- 
poses. The following are some of the results, on this point, ob 
tained fi-om experiment. 

Table showing the result of experiments made under the direc 
tion of Mr, Walker y on the wear of different stones in the tramt- 
way on the Commercial Road, London, from 21th March, 
1830, to 2Ath August, 1831, being a period of seventeen 
months. Transactions of Civil Engineers^ Toi. 1. 



Name of stone. 


Sap. area 
In feeL 


Original weight 


Loss of 

weight by 

wear. 


Lossper 
sup. foot. 


Relatlire 
losses. 






cwt. 


qn. 


Ibe. 








Gaernsey . . . 


4.734 


7 


1 


12.75 


4.50 


0.951 


1.000 


Herme .' . . . 


5.250 


7 


3 


24.25 


5.50 


1.048 


1.103 


Budle .... 


6.336 


9 





15.75 


7.75 


1.223 


1.286 


Peterhead (blue) . 


3.484 


4 


1 


7.50 


6.25 


1.795 


1.887 


Heytor . . . 


4.313 


S 





15.25 


8.25 


1.915 


2.014 


Aberdeen (red) 


6.375 


7 


3 


11.50 


11.50 


2.139 


2.249 


Dartmoor . . • 


4.500 


6 


2 


25.00 


13.50 


2.778 


3.921 


Abeideen (blue) . 


4.823 


6 


3 


le 00 


14.75 


3.058 


3.31C 
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The Commercial Road stoneway consists of twc parallel IiLei 
of rectangular tramstones, 18 inches wide by 12 inches deep, and 
jointed to each other endwise, for the wheels to travel on, vriih a 
common street pavement between for the horses. 

The followin^j table gives the results of some experiments on 
the wear of a ime-grained sand-stone pavement, by M. Coriolis, 
during 8 ye^rs, upon the paved road from Paris to Toulouse, the 
carriage over which is aoout 500 tons daily, pubUshed in the 
Annaies des Pants et ChauseeSy for March and April, 1834 



Weight of a 
cable foot. 


Volume of water absorbed b7 the 
dry stone af\er one day's im- 
mersion, compared lo that of 
the stone. 


Mean annual 
wear. 


158 lbs. 


Neglected as insensible. 


0.1023 inch. 


154 " 


4( 


0.1063 " 


156 " 


i( 


0.1299 " 


150 •* 


A in Yolame. 


0.2186 •* 


148 " 


iV " 


0.2677 " 



M. Coriolis remarks, that the v^eight of water absorbed afibrOs 
one of the best indications of the durabihty of the fine-grained 
sand-stones used in France for pavements. An equally good test 
of the relative durability of stones of the same kind, M. CorioUs 
states, is the more or less clearness of sound given out by striking 
the stone with a hammer. 

The following results are taken from an article by Mr. James 
Frost, Civ, Engineer^ inserted in the Journal oj the Fra?iklin 
Institute for Oct. 1835, on the resistance of vanous substances 
to abrasion. The substances were abraded against a piece of 
white statuary marble, which was taken as a standara, repre- 
sented by 100, by means of fine emery and sand. The relative 
resistance was calculated from the weight lost by each substmce 
during the operation. 

Comparative Resistance to Abrasion. 

Aberdeen granite ... . . 980 

Hard Yorkshire paving stooe .... 827 

Italian black marble 260 

Kilkenny black marble . . . • .110 

Statuary Marble 100 

Old Portland stone 79 

Roman cement stone . . • • • 69 

Fine-grained Newcastle grindstone • • 63 

Stock brick 34 

Coarse-grained Newcastle grindstona • . 14 

Bath stone 19 
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H8. Lime, considered as a building material, is now iisiiall) 
divided into three principal classes ; Common, or Air limey Hy 
dt'oulic limCy and Hydraulic^ or Water cement. 

39. Common, or air lime, is so called because the paste made 
from it with water will harden only in the air. 

40. Hydraulic lime and hydraulic cement both take their name 
from hardening under water. The former difiars from the latter 
in two essential points. It slakes thoroughly, like common lime, 
when deprived of its carbonic acid, and it does not harden 
promptly under water. Hydraulic cement, on the contrary, does 
not shke, and usually hankns very soon. 

41. Our nomenclature, with regard to these substances, is still 
quite defective for scientific arrangement. For the lime-stones 
which yield hydraulic lime when completely calcined, also give 
an hydrauUc cement when deprived of a portion only of their 
carbonic acid ; and otlier lime-stones yield, on calcination, a result 
which can neither be termed lime nor hydrauHc cement, owing 
to its slaking very imperfectly, and not retaining the hardness 
which it quicidy takes when nrst placed under water. 

M. Yicat, whose able researches into the properties of lime and 
mortars are so well known, has proposed to apply the term cement 
limestones (calcaires a ciment) to those stones which, when com- 
pletely calcined, yield hydrauUc cement, and which under no de- 
gree of calcination, will give hydraulic lime. For the lime-stones 
which yield hydrauUc lime when completely calcined, and which, 
when subjected to a degree of heat insufficient to drive off all their 
carbonic acid, yield hydraulic cement, he proposes to retain the 
name hydrauhc lime-stones ; and to call the cement obtained 
from their incomplete calcination, under-^umt hydraulic cement, 
(ciments (Tincuits,) to distinguish it from that obtained from the 
cement stone. With respect to those lime-stones which, by cal- 
cination, give a result that partakes partly of the properties both 
of limes and cements, he proposes for them the name of dividing 
limes, {chcaix limites,) 

The Verms fat and meager are also applied to limes ; owing to 
the difference in the quality of the paste obtained from them with 
the same quantity of water. The fat limes give a paste which is 
unctuous both to the sight and touch. The meager limes yield 
a thin paste. These names were of some importance when first 
introduced, as they served to distinguish common from hydraulic 
lime, the former being always fat, the latter meager ; but, late, 
experience having shown that all meager limes are not hydrau ic 
the terms are no longer of use, except to designate qualities ol 
the paste of limes 
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42. Hydraulic Limes and Cements. The lime-stoncB wluch 
yield these substances are either argillaceous^ or magnesiany or 
argilo-magnesian. The products of their calcination vary con 
siderably in their hydraulic properties Some of the hydraulic 
limes harden, or set very slowly imder water, while others set rap> 
idly. The hydraulic cements set in a very short time. This 
diversity in the hydraulic energy of the argillaceous lime-stones, 
arises from the variable proportions in which the lime and clay 
enter into their composition. 

43. M. Petot, a civil engineer in the French service, in an able 
work entitled Recherches sur la Chauffoumerie^ gives the follow- 
ing table, exhibiting these combinations, and the results obtained 
from their calcination. 



Lime. 
100 


Clay. 


Ees«ltUif prodncti. 







Very fat lime. 


Incapable of hardening in vrater. 


00 


10 


Lime a little hydraulic. 


i Slakes like pure lime, when 


80 


30 


do. quite hydraulic. 


< properly calcined, and hard- 
f ens under water. 


70 


30 


do. do. 


60 


40 


Plastic, or hydraulic cement. 


C Does not slake under any cir- 


50 


60 


do. 


< cumstances, and hardens un- 


40 


60 


do. 


f der water with rapidity. 


30 


70 


Calcareous puzzolano (brick). 


i Does not slake nor harden un- 


30 


80 


do. do. 


< der water, unless mixed w^ith 


10 


90 


do. do. 


f a fat, or an hydraulic lime. 





100 


Pnzzolanoof pure clay do. 


Same as the preceding. 



44. The most celebrated European hydraulic cements are ob* 
tained from argillaceous lime-stones, which vary but slightly in 
their constituent elements and properties. The following table 
gives the results of analyses to aetermine the relative proportions 
of lime and clay in these cements. 

Table of Foreign Hydraulic Cements, showing the relative pro- 
portions of Clay and Lime contained in them. 



LOOUITT. 


lime. 


Clay. 


English, {commonly known om Parker% or Roman tement) 
Yienchf (made from Boulogne pebbles) 

Do. (PouMy) 

Do. do. • . .... 

Do. (Baye) 

Russian • • 

I ... - . ....... 


66 40 
54.00 
43.86 
36.37 
31 63 
63.00 


44.60 
4600 
57.14 
63.63 
78.38 
38.0C 



The hydraulic cements used in England are obtained firon* 
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rarious localities and differ but little in the relative propoitiont 
of lime and clay found in them. Parker's cement, so called from 
the name of the person who first introduced it, is obtained by 
calcining nodules of septaria. The composition of these nodules 
18 the same as that of tlie Boulogne pebbles found on the opposite 
coast of France. The stones which furnish the English and 
French hydraulic cements, contain but a very small amount of 
magnesia. 

45. The best known hydraulic cements of the United States, 
are manufactured in the State of New York. The following 
analyses of some of the hydraulic lime-stones, from the most 
noted localities, published in the Geological Report of the State 
of New Yorkf 1839, are given by Dr. Seek. 



Analysis of the Manlius Hydraulic Lime-^tone. 

Carbonic acid 39.80 

Lime 26.24 

Magnesia 16.80 

Silica and alumina .... 13.50 

Oxide of iron ... . . .1.25 

Moisture and loss • • . . 1.41 

100.00 



This stone belongs to the same bed which yields the hydraulir 
cement obtained near Kingston, in Upper Canada. 



Analysis of the Chittenango Hydraulic Lime^Umey before and 

after calcination. 









Unbonit 


Carbonic acid and moisture 

Lime 

Magnesia . • • . 

Silica 

Alumina and oxide of iron 


Bimt 


Carbonic acid 
Lime . . • . 
Magnesia • 
Silica . 
Aluirina 
Peroxide of iior 
Moistnre 


.• « 




39.33' 

25.00 

17.83 

11.76 

2.73 

1.50 

1.50 


10.00 
39.50 
22.27 
16.56 
10.77 


100.00 








100.00 
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Analysis of the Hydraulic Lime-stone from Ulster Co,y along 
the line of the Delaware and Hudson Canals before arid aftet 
burning. 



1 . 

Carbooic acid • 
Lime . . «, 




Unliariit 


Burnt 


34.30 

35.50 

13.35 

15.37 

9.13 

3.35 

1.30 


5 

■ 37.60 

16.65 

32.75 

13.40 

3.30 

1.30 


Magnesia . • 

Silica 

Alumina 

Oxide of iron . • 

Bituminous matter, moistiize» and loss 


100.00 


100.00 



The hydraulic cement from this last locality has become gen- 
erally well known, having been successfully used for most of the 
military and civil public works on the sea-board. 

From the results of the analyses of all the above limestones, it 
appears that tlie proportions of lime and clay contained in them 
place them under the head of hydraulic cements, according to the 
classification of M. Petot. They do not slake, and they all set 
rapidly under water. 

46. The discovery of the hydraulic properties of certain mag 
nesian livie-stones is of recent date, and is due to M . Vicat, who 
first drew attention to the subject. M. Vicat incUnes to the 
opinion, that magnesia alone, without the presence of some clay, 
will yield only a feeble hydraulic lime. He states, that he has 
never been able to obtain any other, from proceeding synthetically 
with common lime and magnesia ; and that he knows of no welf- 
authenticated instance in which any of the dolomites, either of 
tlie primitive or transition formations, have yielded a good hydrau 
he lime. The stones from these formations, he states, are devoid 
of clay ; being very pure crystalline carbonates, or else contain 
silex only in tlie state of fiine sand. From M. Vicat's experi- 
ments, it is rendered certain that carbonate of maraesia in combi- 
nation with carbonate of lime, in the proportion of 4u parts of the 
latter to from 30 to 40 of the former, will produce a feebly hy 
draulic Ume, which does not appear to increase in hardness aftei 
it has once set ; but that with the same proportions, some hup 
diedths of clay are requisite to give hydraulic energy to the com- 
pound. This proportion of clay M. Vicat supposes may cause 
the formation of triple hydro-silicates of lime, alumina, and mag 
nesia, having all the characteristic properties of good hydraidic 
lime. 

47. The hydraulic properties of the magnesian lime-stones of 

. 3 
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the United States were noticed by Professor W. B. Kogcrs, wht , * 
in his Report of the Geological Survey of Virginia^ 1938, has 

Eyen the following analyses of some of the stones firom di£feren* 
caiities. 



• 

Carbonate of lime . . • • 
Carbonate of magneaia . 
Alumina and oxide of iron 
Silica and insoluble matter 

Water 

Loss ...... 


No. I. 


NO.& 


No. 3. 


No 4. 


55 80 
3L\20 
1.50 
3.50 
0.40 
0.60 


53.33 
41.00 
0.80 
2.80 
0.40 
1.77 


48.20 

35.76 

1.20 

12.10 

2.73 

0.01 


55.03 

24.16 

2.60 

15.30 

1.20 

1.71 


100.00 


100.00 


100.00 


100.00 



The Ume-stone No. 1 of the above table is from Sheppardstown 
on the Potomac, in Virginia ; it is extensively manutactured for 
hydraulic cement. No. 2 is from the Natural Bridge, and banks 
of Cedar Creek, Viiginia ; it makes a good hydraulic cement. 
No. 3 is from New York, and is extensively burnt for cement. 
No. 4 is from Louisville, Kentucky ; said to make a good cement. 

48. M. Vicat states, that a magnesian lime-stone of France 
containing the following constituents, lime 40 parts, magnesia 21 » 
and silica 21, yields a good hydrauUc cement ; and he gives the 
following analysis of a stone which gives a good hydrauhc lime. 

Carbonate of lime .... 50.60 
Carbonate of magnesia . . .43.00 

Silica 5.00 

Alumina 8.00 

Oxide of iron .... 0.40 



100.00 



By comparing the constituents of these two last stones with the 
analyses of the cement-stones of New York, and the magnesian 
hydraulic lime-stones of Prof. Rogers, it will be seen that they 
consist, respectively, of nearly the same combinations of limCi 
magnesia, and siUca. 

49. Physical Characters and Tests of Hydraulic Lime^stottes, 
The simple external characters of a lime-stone, as color, texture, 
fracture, and taste, are insufficient to enable a person to decide 
whether it belongs to the hydrauhc class ; although they ass.'st 
conjecture, particularly if the rock, from which the specimen is 
taken, is found in connection with the clay deposites, or if it be« 
long to a stratum wb ise general level and characteristics are th6 
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§ame as the argilo-magnesiari rocks. These rocks are {generally 
some shade of drab, or of graj, gr of a dark grayish blue ; have 
a compact texture ; fracture even or conchoidal ; with a clayey or 
earthy smell and taste. Although the hydraulic lime-stones are 
usually colored, still it may happen that tfr j stone maybe of a pure 
white, arising from the combination of lime with a pure clay. 

The difficulty of pronouncing upon the class to which a lime- 
stone belongs, from its physical properties alone, renders it neces 
sary to resort to a chemical analysis, and even to direct experiment 
to decide the question. 

50. In making a complete chemical analysis of a lime-stone, more 
skill in chemical manipulations is requisite than engineers usually 

i)0ssess ; but a person who has the ordinary elementary know- 
edge of chemistry, can readily ascertain the quantity oi clay or 
of i^agnesia contained in a fime-stone, and from these two ele- 
ments can pronounce, with tolerable certainty, upon its hydraulic 
properties. To arrive at this conclusion, a small portion of the 
stone to be tested — ^about five drachms — is taken and reduced to 
a powder ; this is placed in a capsule, or an ordinary watch 
crystal, and slightly diluted muriatic acid is poured over it until 
it ceases to eflfervesce. The capsule is then gently heated, and 
the liquor evaporated, until the residue in the capsule has acquired 
the consistence of thin paste. This paste is thrown into a pint 
of pure water and well shaken up, and the mixture is then fil- 
tered. The residue left on the filtering paper is thoroughly dried, 
by bringing it to a red heat ; this being weighed will give the 
clay, or insoluble matter, contained in the stone. It is important 
to ascertain the state of mechanical division of the insoluble mat 
ter thus obtained ; for if it be wholly granular, the stone will not 
yield hydraulic lime. The granular portion must therefore be 
carefully separated from the other before the latter is dried and 
weighed. 

51. If the sample tested contains magnesia, an indication of 
this will be given by the slowness with wnich the acid acts ; if 
the quantity of magnesia be but little, the solution will at first 
proceed rapidly and then become more sluggish. To ascertain 
the quantity of magnesia, clear lime-water must be added to the 
filtered solution as long as any precipitate is formed, and this 
precipitate must be quickly gathered on filtering paper, and tlien 
be washed with pure water. The residue from this washing ii 
the magnesia. It must be thoroughly dried before being weighed* 
to ascertain its proportion to the clay. 

62. Having ascertained, by the preceding analysis, the proba- 
ble hydraulic energy of the stone, a sample of it should also ba 
submitted to d.Tect experiment. This may be likewise done os 
t small scale. A sample of the stone mast be reduced to frai| 
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merits about the size of a walnut. A crucible, perforated uitk 
holes for the free admission of air, is filled with these framients, 
and placed over a fire suflSciently powerful to drive off the car 
bonic acid of the stone. The tune for effecting this will depend 
on the intensity of the heat. When the heat has been applied 
for three or four hours, a small portion of the calcined stone may 
be tried with an acid, and the degree of the calcination may be 
judged of by the more or less copiousness of the effervescence 
that ensues. If no effervescence takes place, the operation may 
be considered completed. The calcined stone should be tried 
soon after it has oecome cold ; otherwise, it should be kept in 
a glass jar made as air-tight as practicable until used. 

53. When the calcined stone is to be tried, it is first slaked 
by placing it in a small basket, which is immersed for five or six 
seconds in pure water. The stone is emptied fi-om the basket so 
soon as the water has drained off, and is allowed to stand until 
the slaking is terminated. This process will proceed more or 
less rapidly, according to the quality of the stone, and the degree 
of its calcmation. In some cases, it will be completed in a few 
minutes ; in others, portions only of the stone will fall to powder, 
die rest crumbling into lumps which slake very sluggishly ; while 
other varieties, as the true cement stones, give no evidence of slak- 
ing. If the stone slakes either completely or partially, it must be 
converted into a paste of the consistence of soft putty, being ground 
up thoroughly, if necessary, in an iron mortar. The paste is 
made into a cake, and placed on the bottom of an ordinary tum- 
bler, care being taken to make the diameter of the cake the same 
as that of the tumbler, which is filled with water, and the time of 
immersion noted. If the lime is only moderately hydraulic, it 
will have become hard enough at the end of fifteen or twenty 
days, to resist the pressure of the finger, and will continue to 
harden slowly, more particularly from me sixth or eighth month 
after immersion ; and at the end of a year it will have acquired 
the consistency of hard soap, and will dissolve slowly in pure 
water. A fair hydrauUc lime will have hardened so as to resist 
the pressure of the finger, in about six or eight days after immer- 
sion, and will continue to grow harder until from six to twelve 
months after immersion ; it will then have acquired the hardness 
of the softest calciu-eous stones, and will be no longer soluble in 
pure water. When the stone is eminently hydraulic, it will have 
oecome hard in from two to four days after immersion, and in one 
month it will be quite hard and insoluble in pure water ; after six 
months, its hardness will be abou* equal to the more absorbent 
calcareous stones ; will splinter from a blow, presenting a slaty 
fracture. 

As the hydraulic cements do not slake perceptibly, the I uml 
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ftone must first be reduced to a fine powde before it is made 
mto a paste. The paste, when kneaded between the fingers, be- 
comes warm, and will generally set in a few minutes, either in the 
open air or in water. Hydrauhc cement is far more sparingly 
soluble in pure water than the hydraulic lime ; and the action oi 
pure water upon them ceases, apparently, after a few weeks im- 
mersion in it. 

54. Calcination of Limestone. The effect of heat on lime- 
stones varies with the constituent elements of the stone. The 
pure lime-stones will stand a high degree of temperature with- 
out fusing, losing only their carbonic acid and water. The im- 
pure stones containing silica fuse completely under a great heat, 
and become more or less vitrified when the temperature much ex- 
ceeds a red heat. The action of heat on the impure lime-stones, 
besides driving off" their carbonic acid and water, modifies the re- 
lations of their other chemical constituents. The argillaceous 
stones, for example, yield an insoluble precipitate when acted on 
by an acid before calcination, but are perfectly soluble afterwards, 
unless the silex they contain happens to be in the form of grains. 

65. The calcination of the nydraulic lime-stones, from their 
fusible nature, requires to be conducted with great care ; for, if 
not pushed far enough, the under-burnt portions will not slake ; 
and, if carried too far, the stone becomes dead or sluggish ; slakes 
very slowly and imperfectly at first ; and, if used in Uiis state for 
masonry, may do injury by the swelhng which accompanies the 
after-slaking. 

56. The more or less facility with which the impure lime-stones 
can be burned, depends upon several causes ; as the compactness 
of the stone ; the size ol the fragments submitted to heat ; and 
the presence of a current of air, or of aqueous vapor. The more 
compact stones yield their carbonic acid less readily than those 
of an opposite texture. Stones which, when broken into very 
small lumps, can be calcined under the red heat of an ordinary 
fire m a few hours, will require a far greater degree of tempera- 
ture, and for a much longer period, wnen broken into fragments 
of six or eight inches in diameter. This is particularly tlie case 
with the impure lime-stones, which, when in large lumps, vitrify 
at the surface before the interior is thoroughly burnt. 

57. If a current of vapor is passed over trie stone aftei it has 
commenced to give off" its carbonic acid, the remaining portion of 
the gas which, under ordinaiy circumstances, is expelled with 
great difficulty, particularly near the end of the process of calci- 
nation, will be carried off'^ much sooner. This influence of an 
aqueous current is attributed, by M. Gay-Lussac, purely to a 
mechanical action, by removing the gas as it is evolved, and his 
experiiii^ its go to show that a like effect is produced by an at 
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moBpheric current. In buniinK the. impure lirae*«tonea, huwevei 
an acjueous current produces iJie Jurther beneficiAl effect of pre 
venting the vitrification of the etone, when the temperature hai 
become too elevated ; but as the vapor, on coming in contact 
with the heated stone, carries off a large portion of the heat, this 
together with the latent heat conlainea in it, may render its uat 
in some cases, far from economical. 

58. Wood, charcoal, peat, the bituminous and anthracite coals 
are used for fuel in lime-buming. M. Vicat states, that wood is 
the best fuel for burning hydraulic lime-stones ; that charcoal is 
inferior to bituminous coal ; and that the results from this last are 
very uncertain. When wood is used, it should be diy and split 
up, to bum Quickly and give a clear blaze. I'he common opinion 
among hme-burncrs, that the greener the fuel tlie better, and that 
the lime-stone should be watered before it is placed in the kiln, is 
wiong ; as a large portion of the heat is consumed in converting 
the water in both cases into vapor. Coal is a mcffe economical 
fuel than wood, and is therefore generally preferred to it ; but It 
requires particular care in ascertaining the proper quantity for use. 

59. Lime-kilns. Great diversity is met with in the forms and 
proportions of linie^kilns. Wherever attention has been paid to 
economy in fuel, the cylindrical, ovoidal, or the inverted conical 
fonn has been adopted. The two first being preferred for wood 
and llie last for coal. 

60. The whole of the burnt lime is either drawn from the kiln 
at once, or else the burning is so regulated, that fresh stone and 
fuel are added as the calcined portions are withdrawn. The lat- 
ter method is usually followed when the fuel used is coal. The 
stone and coal, broken into proper sizes, (Fig. 1,) and in propor 



C, inlenor of Uie kiln, lilted wiUifin-l>rickiir<(oiw. 

D, adi-piL 

e,c, c^niimibelwMiiBiBaiidth* interior thraugh which tiie bii 
lime ii drawn. 



tious determined by experiment, are placed in the kiln in alternate 
layers ; the coal is ignited at the bottom of the kiln, and fresh 
strata are added at the top, as the burnt mass settles down and is 
partially wiihdrawn at the bonom. Kilns used in this way are 
called perpetual kilns ; they are more economical in Ine con 
eniiiption of fuel than those in which the burning is mtcrmitted 
ui' wliich are, i>n this account, termed inUrmittent kiltu. Wood 
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may also be used as fiiel in perpetual kiln-, but not with such 
economy as coal; it moreover presents many incomenicnces, m 
supplying the kiln with firesh stone, and in regulating its dis- 
charge. The inverted conical-shaped kiln is geneially adopted 
for coal, and the ovoidal-shaped for wood. 

61. Some care is requisite^n filling the kiln with stone when a 
wood fire is used. A dome (Fig. 2) is formed of tlie largest blocks 



Fig. 3 repnaents a yertical section through the 
axis and centre line of the entrance of a lime- 
kiln for wood. 

A , solid maflonry of the kiln. 

B, arched entrance. 

C, doorway for drawing kiln and supplying Aid. 

D, interior of kiln. 

E, dome of broken stone, shown by the doited 
line. 



of the broken stone, which either rests on the bottom of die kiln or 
on the ash-grate. The lower diameter of the dome is a few feet 
less than that of the kiln ; and its interior is made sufficiently capa- 
cious to receive the fuel which, cut into short lengths, is placed 
up endwise around the dome. The stone is placed over and 
around the courses which form the dome, the largest blocks in 
the centre of the kiln. The manageqient of the fire is a matter 
of experiment. For the first eight or ten hours it should be care- 
fully regulated, in order to bring the stone gradually to a reciyieat. 
By applying a high heat at first, or by any sudden increase of it 
until the mass has reached a nearly uniform temperature, the 
stone is apt to shiver, and choke the kiln, by stopping the voids 
between the courses of stone which form the dome. After the 
stone is brought to a red heat, the supply of fiiel should be uni- 
form until the end of the calcination. The practice sometimes 
idopted, of abating the fire towards the end, is bad, as the last 
portions of carbonic acid retained by the stone, require a high de- 
gree of heat for their expulsion. The indications of complete 
calcination are generally manifested by the diminution which 
gradually takes place in the mass, and which, at this stage, is 
about one sixth of the primitive volume ; by the broken appear- 
ance of the stone which forms the dome, the interstices between 
which being also choked up by fragments of the burnt stone ; and 
by the ease with which an iron bar may be forced down ilirough 
the burnt stone in the kiln. When these indications of complete 
calcination are observed, the kibi should be closed for ter or 
twelve hours, to confine the heat and finish the burning of the ap- 
oer strata. 
62. Tlic form and relative dimensions of a kiln for wood can 
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oe determined oi Jy by careful experiment. If too great height 
be given to the mass, the lower portions may be overbumed be 
fore the upper are burned enough. The proportions between the 
height and mean horizontal section, will depend on the texture of 
the stone ; the size of the fragments into which it is broken for 
burning ; and the more or less facility with which it vitrifies. In 
the memoir of M. Petot, already cited, it is stated as the results 
of experiments made at Brest, tint large-sized kilns are more 
economical, both in the consumption of fuel and in the cost of 
attendance, tlian small ones ; but that there is no notable econo< 
my in fuel when the mean horizontal section of the kiln exceeds 
sixty square feet. 

63. The circular seems the most suitable form for the horizon- 
tal sections of a kiln, both for strength and for economizing the 
heat. Were the section the same throughout, or the form of the 
interior of the kiln cylindrical, the strata of stone, above a certain 
point, would be very imperfectly burned when the lower were 
enough so, owing to the rapidity with which the inflamed gases, 
arising from the combustion, are cooled by coming into contact 
with the stone. To procure, therefore, a temperature throughout 
the heated mass which shall be nearly uniform, the horizontau sec- 
tions of the kiln should gradually decrease from the point where 
the flame rises, which is near the top of the dome of broken stone, 
to the top of the kiln. This contraction of the horizontal section, 
from the bottom upward, should not be made too rapidly, as the 
draft would be injured, and the capacity of the kiln too much 
dimiffished ; and in no case should tne area of the top opening be 
less than about one fourth the area of the section taken near the 
top of the dome. The best manner of arranging the sides of the 
kiln, in the plane of the longitudinal section, is to connect the top 
opening with the horizontal section throuffh the top of tlie dome, 
by an arc of a circle whose tangent at tne lower point shall be 
vertical. 

64. Lime-kilns are constructed either of brick, or of some of 
the more refractory stones. The walls of the kiln should be suf 
ficiently thick to confine the heat, and, when the locality admits 
of it, they are built into a side hill ; otherwise, it may be neces- 
sary to use iron hoops, and vertical bars of iron, to strengthen the 
brick-work. The interior of the kiln should be faced either with 
good fire-brick or with fire-stone. 

65. M. Petot prefers kilns arranged with fire-grates, and an 
ash-pit under the dome of broken stone, for the reason that they 
dve the means of better regulating the heat, and of throwing the 
name more in the axis of the kiln than can be done in kilns with 
out them. The action of tlie flame is thus more uniformly fell 
through the mass o ' st« ne above the top of the dome, while tliat 
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of the radiated heat upon the stone around the dome, is also mors 
unifoim. 

66. M. Petot states, that the height of the mass of stone tbove 
the top of tlie dome should not be greater than from ten to thir- 
teen feet, depending on the more or less compact texture of the 
stone, and the more or less ease with which it vitrifies. He pro- 
poses to use kilns with two stories, (Fig. 3,) for the purpose 




Fig. 3 represents a Tertica] sectioQ 
through the axis and centre line of 
the entrance of a lime-kiln with two 
stories for wood. 

A, solid masonrj of the kiln. 

B, dome shown oy the dotted line. 

C, interior or lower stoiy. 

D, dome of upper story. 
£, interior of upper stoiy. 
a, arched entrance to kfln. 

6, receptacle for water to fumisli a 
cunent of aqueous vapor. 

c, doorway for drawing kiln, dkc, 
closed by a fire-proof door. 

d, ash-pit under fire-grate. 

e, upper doorway for drawing kihi, &e 



of economizing the fuel, by using the heat which passes off from 
the top of the lower story, and would otherwise be lost, to heat 
the stone in the upper story ; this story being arranged with a 
side-door, to introduce fuel under its dome of broken stone, and 
complete the calcination when that of the stone in the lower 
story is finished. 

M. Petot gives the following general directions for regulating 
the relative dimensions of the parts of the kiln. The greatest 
horizontal section of the kiln is placed rather below the top of the 
dome pf broken stone ; the diameter of this section being 1 .82, the 
diameter of the grate. The height of the dome above the grate 
is from 3 to 6 feet, according to the quantity of fuel to be con- 
sumed hourly. The bottom of the kiln, on which the piers of the 
dome rest, is from 4 to 6 inches above the top of the grate ; the 
diameter of the kiln at this point bein^ about 2 feet 9 inches 
greater than that of the grate. The diameter of the horizontal 
section at top is 0.63, the diameter of the greatest horizontal sec- 
tion. The horizontal sections of the kiln diminish from the section 
near the top of the dome to the top and bottom of the kiln ; the 
sides of the kiln receiving the form shown in Fig. 3 : the object 
of contracting the kiln towards the bottom being to allow the stone 
near Uie bottom of the kiln to be thoroughly burned by the radiatea 
heat The grate is formed of cast-iron bars of the usual form 
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the area of the spaces between the bars being one fourth the total 
area of the grate. The bottom of the ash-pit, which may be on 
the same level as the exterior gromid, is placed 18 inches below 
the grate ; and at the entrance to the ash-pit is place<l a reservoir 
for water, about 18 inches in depth, to furnish an aqueous cur 
rent. The draft through the grate is regulated by a lateral air 
channel to the ash-pit, which can be totally or partially shut by a 
valve ; the area of the cross section of this channel is one tenth 
the total area of the grate. A square opening 16 inches wide^ 
the bottom of which is on a level with the bottom of the kiln^ 
leads to the dome for the supply of the fuel. This opening is 
closed with a fire-proof and air-tight door. 

In arranmng a kiln with two stories, M. Petot states, that the 
grates of the upper story are so soon destroyed by the heat, that 
It is better to suppress them, and to place the fuel for completing 
the calcination of the stone of this story, on the top of the burnt 
stone of the lower story. 

67. Slaking Lime. Quick-lime may be slaked in three dif- 
ferent ways. By pouring sufficient water on the burnt stone to 
convert the slaked lime into a thin paste, which is termed drown- 
ing the lime. By placing the burnt stone in a basket, and im 
mersing it for a lew seconds in water, during whicli time it will 
imbibe enough water to cause it to fall, by slaking, into a dry 
powder ; or by sprinkling the burnt stone with a sufficient quan 
tity of water to produce the same effect. By allowing the stone 
to slake spontaneously, from the moisture it imbibes from the 
atmosphere, which is termed air-slaking. 

68. Opinion seems to be settled among engineers, that drovni- 
ing is the worst method of slaking lime which is to be used for 
mortars. When properly done, however, it produces a finer paste 
than either of the other methods ; and it may therefore be resorted 
to whenever a paste of this character, or a whitewash is wanted. 
Some care, however, is requisite to produce this result. The 
stone should be fresh from the kiln, otherwise it is apt to slake 
into lumps or fine grit. All the water used should be poured 
over the stone at once, which should be arranged in a basin or 
vessel, so that the water surrounding it may be gradually imbibed 
as the slaking proceeds. If fresh water be added during the slak- 
ing, it checks the process, and causes a gritty paste to form. 

69. In slaking oy immersion, or by sprinkling with water, the 
stone should be reduced to small-sized fragments, otherwise the 
slaking will not proceed uniformly. The fat limes should be in 
lumps, about the size of a walnut, for immersion ; and, when 
withdrawn from the water, should be placed immediately in bins 
or be covered with sand, to confine the heat and vapor. If left 
exposed to the air, the lime becomes chilled and separates into a 
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ccmnie grit, which takes some time to slake diorouglily when 
more water is added. Sprinkling the lime is a more convenient 
process than inmiersion, and is equally good. To effect the slak 
ing in this way, the stone should be broken into fragn^ots of a 
suitable size, which experiment will determine, and be placod in 
small heaps, surrounded by sufficient sand to cover them up when 
the slaking is nearly completed. The stone is then sprinkled 
with about one fourtn its bulk of water, poured through the rose 
of a watering-pot, those lumps which seem to slake mo& t slug- 
gishly receiving the most water ; when the process seems com- 
pleted, the heap is carefully covered over vrith the sand, and 
allowed to remam a day or two before it is used. 

70. Slaking either by unmersion or by sprinkling is considered 
the best. The quantity of water imbibed by lime when slaked 
by immersion, varies with the nature of the lime ; 100 parts of 
fat lime will take up only 18 parts of water ; and the same quan- 
tity of meager lime will imbibe from 20 to 35 parts. One volume, 
in powder, of the burnt stone of rich lime yields from 1.50 to 
1.70 in volume of powder of slaked lime; while one volume 
of meager lime, imder like circumstances, will yield from 1.80 to 
2.18 in volume of slaked lime. 

71. Quick lime, when exposed to the fi*ee action of the air in 
a dry locahty, slakes slowly, by imbibing moisture from the at- 
mosphere, with a slight disengagement of heat. Opinion seems 
to be divided with regard to the effect of this method of slaking 
on fat limes. Some assert, that the mortar made from them is 
better tlian that obtained from any other process, and attribute 
this result to the re-conversion of a portion of the slaked lime into 
a carbonate ; others state the reverse to obtain, and assign the 
same cause for it. With regard to hydraulic limes, all agree that 
they are greatly injured by air-slaking. 

72. Air-slaked iat limes increase two fifths in weight, and for 
one volume of quick lime yield 3.52 volumes of slaked lime. The 
meager limes increase one eighth in weight, and for one volume 
of quick lime }rield from 1.75 to 2.25 volumes of slaked lime 

73. The dry hydrates of lime, when exposed to the atmosphere, 
gradually absorb carbonic acid and water. This process pro- 
ceeds very slowly, and the slaked lime never regains all the car- 

. bonic acid which is driven off by the calcination of the lime-stone. 
When converted into a thick paste, and exposed to the air, the 
hydrates gradually absorb carbonic arid ; this action first takes 
place on the surface, and proceeds more slowly from year to 
year towards the interior of the exposed mass. The absoxpiion 
of gas proceeds more rapidly in the meager than in the fat limes. 
Those liydrates which are most thoroughly slaked become hard 
est The hydrates of the pure fat linies become in time veij 
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bard, while those of the hydraulic limes become only moderately 
hard. 

74. The fat b'mes, when slaked by drowning, may be pre- 
served f(tr a long leriod in the state ofpaste, if placed m a damp 
situation and kepi &om contact with tlie air. They may also be 
preserved for a long time without change, when slaked by im- 
mersion to a dry powder, if placed in covered vessels. Hydraulic 
limes, under similar circumstances, will harden if kept in the state 
of paste, and will deteriorate when in powder, unless kept in 
perfectly air-tight vessels. 

75. The hydrates of fat lime, from air-slaking or immersion, 
require a smaller quantity of water to reduce them to the state of 
paste than the others ; but, when immersed in water, tliey grad- 
ually imbibe their full dose of water, the paste becoming tnicker, 
but remaining unchanged in volume. Exposed in this way, the 
water will in time dissolve out all the lime of the hydrate which 
has not been re-converted into a sub-carbonate, by tne absorption 
of carbonic acid before immersion ; and if the water contain car- 
bonic acid, it will also dissolve the carbonated portions. 

76. The hydrates of hydraulic lime, when immersed in water 
in the state oi thin pastes, reject a portion of the water from the 
paste, and become hard in time ; it the paste be very stiff, they 
imbibe more water, set quickly, and acquire greater nardness in 
time than the soft pastes. The pastes of the hydrates of hydrau- 
hc lime, which have hardened in the air, will retain their haxdness 
when placed in water. 

77. The pastes of the fat limes shrink very unequally in drpng, 
and the shrinkage increases with the purity of the lime ; on this 
account it is difficult to apply them alone to any building purposes, 
except in very thin layers. The pastes of uie hydraulic limes 
can only be used with advantage under water, or where they arc 
constantly exposed to humidity ; and in these situations they are 
never used alone, as they are found to succeed as well, and to 
present more economy, when mixed with a portion of sand 

78. Manner of Reducing Hydraulic Cement As the cement 
stones will not slake, they must be reduced to a fine powder by 
some mechanical process, before they can be converted into a 
hydrate. The methods usually employed for this purpose con- 
sist in first breaking the burnt stone into small fragments, either 
under iron cylinders, or in mills suitably formed for this pur- 
pose, which are next ground between a pair of stones, or else 
crushed by an iron roller. The coarser particles are separated 
from the fine powder by the ordinary processes witli sieves. Th« 
powder is then carefully packed in air-tight casks, and kept for use 

79. Hydraulic cement, hke hydraulic lime, deteriorates by 
exposure to the air, and may in time lose J\ its hydraulic prop- 
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ertif 8. Oil thin account it should be used when fresh iron, thfl 
kihi; for, however carefully packed, it cannot be well preseived 
when transported to any distance. 

80. The deterioration of hydraulic cements, from exposure to 
the air, arises, probably, from a chemical disunion between the 
constituent elements of the burnt stone, occasioned by tlic ab- 
sorption of water and carbonic acid. When injured, their energy 
can be restored by submitting them to a much slighter degree of 
heat than that which is Requisite to calcine the stone suitably in 
the first instance. From the experiments of M. Petot, it appears 
that a red heat, kept up for a short period, is sufficient to restore 
damaged hydrauUc cements. 

81. Artificial Hydraulic Limes and Cements. The discover) 
of the argillaceous character of the stones which yield hydrauhc 
limes and cements, connected with the fact theft brick reduced to 
a fine powder, as well as several substances of volcanic origin 
having nearly the same constituent elements as ordinary brick 
when mixed in suitable proportions with common lime, vnll yield 
a paste that hardens under water, has led, within a recent period, 
to artificial methods of producing compounds possessing the prop- 
erties of natural hydraulic lime-stones. 

82. M. Vicat was the first to point out the method of forming 
an artificial hydraulic lime, by mixing common lime and unburnt 
clay, in suitable proportions, and then calcining them. The ex- 
periments of M. Vicat have been repeated by several eminent 
engineers with complete success, ana among others by General 
Pasley, who, in a recent work by him. Observations on Limes, 
Calcareous CementSy &c., has given, with minute detail, the results 
of his experiments ; from which it appears that an hydraulic ce* 
ment, fully equal in quality to that obtained from natural stones 
can be made by mixing common Hme, either in the state of a 
carbonate or of a hydrate, with clay, and subjecting the mixture 
to a suitable degree of heat. In some parts of France, where 
chalk is found abundantly, the preparation of artificial hydraulic 
lime has become a brancli of manufacture. 

83. Different methods have been pursued in preparing this 
material, the main object being to secure the fin&st mechanical 
division of the two ingredients, and their thorough mixture. For 
this purpose the lime-stone, if soft like chalk or tufa, may be re- 
duced in a wash-mill, or a rolling-mill, to the state of a soft pulp; 
•t is then incorporated with the clay, by passing them through a 
f)ug-mill. The mixture is next ncloulded into small blocks, or 
made up into balls between 2 and 3 inches diameter, by hand, 
and w eli dried. The balls are placed in a kiln,— -suitably calcined, 
ukl are finally slaked, or ground down fine for use. 

84. If the' lime-stone be hard* it must be calcined and slaked 
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in the usual m Muier, before it can be mixed witn the clav. The 
process for m.xing the ingredients, their calcination, and farthei 
preparation for use, are the same as in tlie preceding case. 

85. Artificial hydraulic lime, prepared from the hard lime- 
stones, is more expensive than that made from the soft ; but it it 
stated to be superior in quality to the latter. 

86. As clays are seldom free from carbonate of lime, and as 
the lime-stones which jrield common or fat Ume may contain some 
portion of clay, the proper proportions of the two ingredients, to 
produce either an hydraulic lime or a cement, must be determmed 
by experiment in each case, guided by a previous analysis of the 
two ingredients to be tried. 

If the lime be pure^ and the clay be free from lime, then the 
combinations in the proportions given in the table of M. Petot will 
ffive, by calcination, like results with the same proportions when 
found naturally combined. 

87. Puzzotanuj &c. The practice of usinff brick or tile-dust, 
or a volcanic substance known by the name ol puzzolana, mixed 
with common lime, to form an hydraulic lime, was known to the 
Romans, by whom mortars composed of these materials were 
extensively used in their hydraulic constructions. This practice 
has been more or less followed by modem engineers, who, until 
within a few years, either used the puzzolana of Italy, where it 
is obtained near Mount Vesuvius, in a pulverulent state, or a ma- 
terial termed Trass, manufactured in Holland, by grinding to a fine 
powder a volcanic stone obtained near Andemach on the Rhine. 

Experiments by several eminent chemists have extended the 
Hst of natural substances which, when properly burnt and reduced 
to powder, have the same properties as puzzolana. Xhey mostly 
belong to the feldspathic and schistose rocks, and axe either fine 
sand, or clays more or less indurated. 

Thefollowing Table gives the results of analyses of Puzzolana, 
Trass, a Basalt, and a Schistus, which, when burnt andpow" 
dered, were found to possess the properties of puzzolana. 
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LIME. 3) 

88. All of the? 3 substances, when prepared artificially, are i om 
generally known by the name of artificial puzzolanasy in convra« 
distinction to those which occur naturally. 

89. General Treussart, of the French Corps of Military Engi- 
neers, first attempted a systematic investigation of the properties 
of artificial puzzolanas made firom ordinary clay, and oi tlie best 
manner of preparing them on a large scale. It appears from the 
results of ms experiments, that the plastic clays used for tiles, or 
potter]^, which are unctuous to thp touch, the alumina in them 
being in the proportion of one fifth to one third of the siUca, fur- 
nish the best artificial puzzolanas when suitably burned. The 
clays which are more meager, and harsher to the touch, yield an 
inferior article, but are in some cases preferable, firom the greater 
«*>ase with which they can be reduced to a powder. 

90. As the clays mostly contain lime, magnesia, some of the 
metallic oxides, and alkaUne salts, General Treussart endeavored 
to ascertain the influence of these substances upon the quaUties of 
the artificial puzzolanas firom clays in which they are found. He 
states, ihat the carbonate of potash and the muriate of soda seem 
to act beneficially ; that magnesia seems to be passive, as well 
as tlie oxide of iron, except when the latter is found in a large 
proportion, when it acts hurtfuUy ; and that the lime has a mate- 
rial influence on the degree of heat required to convert the clay 
into a good artificial puzzolana. 

91. The management of the heat, in the preparation of this 
material, seems oi the first consequence ; and General Treussart 
recommends that direct experiment be resorted to, as the most 
certain means of ascertaining the proper point. For this purpose, 
specimens qf the clay to be tried may be kneaded into balls as 
large as an egg, and tne balls, when dry, be submitted to diflerent 
degrees of heat in a kiln, or furnace, tnrough which a current of 
air must pass over the balls, as this last circumstance is essential 
to secure a material possessing the best hydraulic qualities. Some 
of the balls are witndrawn as soon as their color indicates that 
they are underbumt ; others when they have the appearance of 
well-bumt brick ; and others when their color shows that they 
nre overbunit, but before they become vitrified. The burnt balls 
are reduced to an impalpable powder, and this is mixed with a 
hydrate of fat lime, in the proportion of two parts of the powder 
t< ' me of lime in paste. Water is added, if necessary, to bring 
the diflferent mixtures to the consistence of a thick pulp; and they 
are separately placed in glass vessels, covered with water, and 
tUow^ to remain until they harden. The compound which 
hardens most promptly will indicate the most suitable degree of 
heat to be applied. 

92. As the arbonates 6i li ne, of potash, and of soda, act as 
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fluxes on silica, the presence of either one of ihem will modify 
the degree of heat necessary to convert the clay into a good natu* 
ral puzzolana. Clay, containing about one tenth of Ume, should 
be brought to about the state of sUghtly-bumt brick. The ochreous 
clays require a higher degree of heat to convert them into a good 
sniaterial, and should be burnt until they assume the appearance 
of well-burnt brick. The more refractory clays will bear a still 
higher degree of heat ; but the calcination should in no case be 
carried to the point of incipient vitrification. 

93. The quantity of lime contained in the clay can be readily 
ascertained beforehand, by treating a small portion of the clay, 
diffused in water, with enough muriatic acid to dissolve out the 
lime; and this last might serve as a guide in the preliminary 
stages of the experiments. 

94. General Treussart states, as the results of his experiments, 
that the mixture of artificial puzzolana and fat lime forms an hy 
draulic paste superior in quality to that obtained by M. Vicat's 
process lor making artificial hydrauUc lime. M. Curtois, a French 
civil engineer, in a memoir on these artificial compounds, pub* 
lished in the j^nnales des Fonts et Chaicssiesy 1834, and General 
Pasley, more recently, adopt the conclusion of General Treussart. 
M. Vicat's process appears best adapted when chalk, or any very 
soft hme-stone, which can be readily converted to a soft pulp, is 
used, as offering more economy, and affording an hydraulic lime 
which is sufficiently strong for most building purposes. By it 
General Pasley has succeeded in obtaining an artificial hydraulic 
cement, which is but little, if at all, inferior to the best natural 
varieties ; a result which has not been obtained from any com- 
bination of fat lime vrith puzzolana, whether natural, or artificial. 

95. A.11 the puzzolanas possess the important property of not 
deteriorLang by exposure to the air, which is not the case with 
any of the hydraulic Umes, or cements. This property may ren- 
der them very serviceable in many localities, where only common, 
or feebly hydraulic hme can be obtained. 

MORTAR. 

96.. Mortar is any mixture of lime in paste with sand. It may 
be divided into two principal classes ; Hydraulic mortar^ which is 
made of hydraulic lime, and Common mortar, made of common 
lime. 

97. The term Grout is appUed to any mortar in a thin or fluid 
state ; and the terms Concrete and Beton, to mortars incorporated 
witli gravel and small fragments of stone or brick. 

98. Mortar is used for various purposes in building. It senres 
a cement to unite blocks tji stone, or brick. In concrete and 
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beton, whicli may be regarded as artificial conglomerate stones. 
It forms the matrix by which the gravel and broken stone are 
held together ; and it is the principal material with which the ei 
tenor surfaces of walls and tne intenor of edifices are coated. 

99. The quality of mortars, whether used for structures ex- 
posed to the weatner, or for those immersed in water, will depend 
upon the nature of the materials used ; — ^their proportion ; — ^the 
manner in which the lime has been converted into a paste to re 
ceive the sand ; — and the mode employed to mix the ingredients. 
Upon all of these points experiment is the only unerring guide for 
the engineer ; for the great diversity in the constituent elements 
of lime-stones, as well as in the other ingredients of mortars, must 
necessarily alone give rise to diversities in results ; and when, to 
these causes of variation, are superadded those resulting from 
different processes pursued in the manipulations of slaking the 
lime and mixing the ingredients, no surprise should be felt at the 
seemingly opposite conclusions at which writers, who have pur 
sued the subject experimentally, have arrived. From the great 
mass of facts, however, presented on this subject within a few 
years, some general rules may be laid down, which the engineer 
may safely follow, in the absence of the means of making direct 
experiments. 

100. Sand. This material, which forms one of the ingredients 
of mortar, is the granular product arising firom the disintegration 
of rocks. It ms^, therefore, Uke the rocks from which it is de- 
rived, be divided into three principal varieties — ^the silicious, the 
calcareous, and the argillaceous. 

Sand is also named from the locality where it is obtained, as 
pii^sandf wh\ph is procured from excavations in ^uvial, or other 
deposites of disintegrated rock ; river sand and sea-sand, which 
are taken from the snores of the sea, or rivers. 

Builders again classify sand according to the size of the graui. 
The term coarse sand is applied when the grain varies between 
f th and j^th of an inch in diameter ; the term Jine sand, when 
the grain is between rVth and -^^th of an mch in diameter ; and 
the term mixed sand is used for any mixture of the two prece- 
ding kinds. 

101. The silicious sands, arising from the quartzose rocks, ara 
the most abundant, and are usually preferred by builders. The 
calcareous sands, from hard calcareous rocks, arc more rare, but 
form a good ingredient for mortar. Some of the argillaceous sandu 
possess the properties of the less energetic puzzolanas, and aif 
tiierefore very valuable, as forming, Wim common lime, an arti- 
ficial hydraulic lime. 

102. The property which some argillaceous sands possess, of 
Cbrming with conomon, or slightly hydraulic lime a compound which 
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will harden under water, has been long known in Fi'ance, where 
these sands are termed ar^e^. The sands of this nature are 
usually found in hillocks along rirer valleys. These hillocks 
sometimes rest on calcareous rocks, or argillaceous tufas, and are 
frequently formed of alternate beds ot the sand and pebbles. The 
sand is of various colors, such as yellow, red, and green, and 
seems to have been formed from the disintegration m clay in a 
more or less indurated state. The arenes are not as energetic as 
either natural or artificial puzzolanas ; still they form, witn com- 
mon lime, an excellent mortar for masonry exposed either to the 
open air, or to humid locaUties, as the foundations ,of edifices. 

103. Pit-sand has a rougher and more angular grain than river 
or sea sand ; and, on this account, is generally preierred by build- 
ers for mortar used for brick, or stone-work. W hether it forms a 
stronger mortar than the other two is not positively settled, al- 
thou^ some experiments would lead to the conclusion that it 
does. 

104. River and sea sand are by some preferred for plastering, 
because they are whiter, and have a finer and more uniform grain 
than pit sand ; but as the sands from the shores of tidal waters 
contain salts, they should not be used, owing to their hygrometric 
properties, before the salts are dissolved out in fresh water by 
careful washing. 

105. Pit-sand is seldom obtained free from a mixture of dirt, 
or clay ; and these, when found in any notable quantity in it, give 
H weak and bad mortar. Earthy sands should, therefore, be 
cleansed from dirt before using them for mortar ; this may be 
effected by washing the sand in shallow vats, and allowing the 
turbid water, in which the clay, dust, and other like impurities 
are held in suspension, to run off. 

106. Sand, when pure or well cleansed, may be known by not 
soiling the fingers when rubbed between them. 

107. Hydraulic mortar. This material may be made from 
the natural hydraulic Umes ; from those which are prepared by 
M. Vicat's process ; or from a mixture of common, or feebly hy- 
draulic lime, with a natural or artificial puzzolana. All writers, 
however, agree that it is better to use a natural than an artificial 
hydraulic lime, when the former can be readily procured. 

108. When the lime used is strongly hydxaulic, M. Vicat is 
of opinion that sand alone should be used ^th it, to form a good 
hydraulic mortar. General Treussart has drawn the conclusion, 
from his experiments, that the mortar of all hydraulic limes is 
improved by an addition of a natural or 'artificial puzzolana. I'he 
quantit}^ of sand used may vary from 1{ to 2 parts of the lime 
in bulk, when reduced to a thick pulp. 

109. For hydraulic mortars, made of common, feeble, or or 
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Jtnary hydraulic limes, and artificial puzzolana, M. Yicat statei 
tliul the puzzolana should be the weaker as the lime is more 
BCongly hydraulic ; using, for example, a very energetic puzzo* 
laiia witli a fat, or a feebly hydraulic Ume. The proportion of 
sand which can be incorporated with these ingredients, to form an 
hydraulic mortar, is stated by General Treussart to be one vol- 
ume to one of puzzolana, and one of lime in paste. 

110. In proportioning the ingredients, the object to which the 
mortar is to be applied should be regarded. When it is to serve 
to unite stone, or orick work, it is better that the hydrauUc lime 
should be rather in excess ; when it is used as a matrix for beton, 
no more lime should be used thaix is strictly required. No hann 
will arise from an excess of good hydraulic lime, in any case ; but 
an excess of common lime is injurious to the quahty of the mortar. 

111. Common and ordinary hydrauUc limes, when made into 
mortar with arines^ give a good material for hydraulic purposes. 
The proportions in whi<;h these have been found to succeed well, 
are one of Ume to three of arines. 

112. HydrauUc cement, from the promptitude with which it 
hardens, both in the air and under water, is an invaluable mate- 
rial where this property is essential. Any dose of sand injures 
its properties as a cement. But hydrauUc cement may be added 
witli decided advantage to a mortar of common, or of feebly hy 
JrauUc lime and sand. It is in this way that it is generaUy used 
m our pubUc works. The French engineers give the preference 
to a good hydraulic mortar over hydrauUc cement, both for uniting 
stone, or brick work, and for plastering. They find, from their 
practice, that when used as a stucco, it does not withstand well 
the effects of weather ; that it swells and cracks in time ; and, 
when laid on in successive coats, that they become detached frum 
each other. 

General Pasley, who has paid great attention to the properties 
of natural and artificial hydrauUc cements, does not agree with 
the French engineers in his conclusions. He states that, when 
sidlfuUy applied, hydraulic cement is superior to any hydrauUc 
mortar for masonry, but that it must be used only in thin joints ; 
and, when applied as a stucco, tliat it should be laid on in but one 
coat ; or, if it be laid on in two, tlie second must be added long 
before the first has set, so that, in fact, the two make but one 
coat. By attending to these precautions, General Pasley states 
that a stucco of hydraulic cement and sand wiU wiins!;and per- 
fectly the effects of frost. 

113. Mortars exposed to weather. The French engineers, 
who have paid great attention to the subject of mortars, coinrjde 
m the opinion, that a mortar cannot be made of fat lime and any 
inert sands, like those of the siUcious, or calcareous kinds which 
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will witi Stand the oidinaiy exposure of weatlier; and tlut, to 
obtain a good mortar for this purpose, either the hyiirauUc limes 
mixed with sand must be employed, or else common lime mixed 
either with arineSf or with a puzzolana and sand. 

114. Any pure sand mixed in proper proportions with hydraulic 
ume, will give a good mort^ for the open air ; but the hardness 
of the mortar will be affected by the size of the grain, particularly 
when hydraulic lime is used. Fine sand yields the best mortal 
with good hydraulic lime ; mixed sand witn the feebly hydraulic 
limes ; and coarse sand with fat lime. 

115. The proportion which the Ume should bear to the sana 
seems to depend, in some measure, on the manner in which the 
lime is slaked. M. Vicat states, that the strength of mortar made 
of a stiff paste of fat lime, slaked in the ordinary way, increases 
from 0.50 to 2.40 to one of the paste in volume ; and that, when 
the lime is slaked by immersion, one volume of the like paste will 
give a mortar that increases in strength from 0.50 to 2.20 parts 
of sand. 

For one volume of a paste of hydraulic lime, slaked in the or- 
dinary way, the strenctn of the mortar increases from to 1.80 
parts of sand ; and, when slaked by immersion, the mortar of a 
like paste increases in strength from to 1 .70 parts of lime. In 
every case, when the dose of sand was increased beyond these 
proportions, the strength of the resulting mortar was found to 
decrease. 

116. Manipulations of Mortar. The quality of hydraulic mor- 
tar, which is to be inunersed in water, is more anected by the 
manner in which the lime is slaked, and the ingredients mixed, 
than that of mortar which is to be exposed to me weather ; al- 
though in both cases the increase of strength, by the best manipu- 
lations, is sufEcient to make a study of them a matter of some 
consequence. 

117. The results obtained from the ordinary method of slak- 
mg, by sprinkhng, or by immersion, in the case of good hydrauhc 
umes, are nearly the same. Spontaneous, or air-slaking, gives 
jivariably the worst results. For common and slightly hydraulic 
ume, M. Vicat states that air-slaking yields the best results, and 
ordinary slaking the worst. 

118. The ingredients of mortar are incorporated either by 
maimal labor, or by machinery : the latter method gives results 
supenor to the former. The machines commonly used for mix- 
mg mortar are either the ordinary pug-mill (Fig. 4) employed by 
Drickmakers for tempering clay, or a grinding-milt, (Fis. 5.) 
The gnnding-mill is the best machine, because it not only re- 
duces the lumps, which are found in the most carefully burnt 
none, after the slaking is apparently complete, but it brings tlie 
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mie to tlie state of a unifonn stiff naste, wh'ch it shou d lece ve 
before the sand is incorporated w.th it. Care should be faken 




Fig. 4 repreBento a veitical section through 
the axis of a pug-mill^ for mudng or 
tempering mortar.—This mill conaiflti 
of a nopped vessel, of the form of a co- 
nical frustum, which receives the in- 
gredients, and a vertical shaft, to which 
arms with teeth, resembling an ordi- 
nary rake, are attached, for the purpose 
of mixing the ingredients. 

A, A, section of sides of the vessel. 

fi, vertical shaft to which the arms C ars 
affixed. 

D, horizontal bar for giving a circular mo- 
tion to tlie shaft R 

E, sills of timber supporting the mill. 

F, WTOUght-iron support through which 
the upper part of the shaft passes. 




not to add too much water, particularly when the mortar is to be 
immersed in water. The mortar-mill, on this account, should be 
sheltered from rain ; and the quantity of water with which it is 

Fig. 5 represents a part of a mill for crushing the 
lime and tempering the mortar. 

A, heavy wheel of timber, or cast iron. 

B, horizontal bar passing through the wheel, which 
at one extremitv is fixed to a vertical shaft, and 
is arranged at the otlier (C) wiUi the proper gea^ 
ing for a horse. 

D, a circular trough, with a trapezoidal cross sec- 
tion which receives the ingredients to be mixed 
The trough may be from 20 to 30 feet in diameter ; 
about 18 inches wide at top, and 13 inches deep ; 
and be built of hard l»ick, stone, or timber laid on 
a firm foundation. 

supplied may vary with the state of the weather. Nothing seems 
to DC gained by carrying the process of mixing, Beyond obtaining 
a uniiorm mass of the consistence of plastic clay. Mortars of 
hydraulic lime are injured by long exposure to tne air, and fre- 
quent turnings and mixings with a shovel or spade ; those of 
common lime, under like circumstances, seem to be improved 
Mortar, wliich has been set aside for a day or two, will become 
sensibly firmer ; if not allowed to stand too long, it may be again 
reduced to its clayey consistence, by simply pounding it with a 
beetle, without any fresh addition of water. 

119. Setting and Durability of Mortars. Mortar of common 
lime, without any addition of puzzolana, will not set in humid 
iituations, like the foundations of edifices, until after a very long 
lapse of time. They set very soon when exposed tg the air, oi 
wo an aunosphcre of carbonic acid gas. If, after having become 
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hard in the open air, they are placed undef water, they in tim^ 
*ose their cohesion and fall to pieces. 

120. Common mortars, wliich have had time to harden, iiesisl 
the action of severe frosts very well, if they are made rather pooTy 
or with an excess of sand. The sand should be over 2.40 parts, 
in bulk, to one volume of the lime in paste ; and coarse sand in 
found to give better results than fine sand. 

121. Good hydraulic mortars set equally well in damp situa 
tions, and iu the open air ; and those which have hardened in the 
air will retain their hardness when inunersed in water. They 
also resist well the action of frost, if they have had time to set 
before exposure to it ; but, like common mortars, they require to 
be made with an excess of sand, to withstand well atmospheric 
changes. 

122. The surface of a mass of hydrauUc mortar, whether made 
of a natural hydraulic lime or otherwise, when immersed in water, 
becomes more or less degraded by the action of the water upon the 
lime, particularly in a current. When the water is stagnant, a 
very thin crust of carbonate of lime forms on the surface of the 
mass, owing to the absorption by the lime of the carbonic acid 
gas in the water. This crust, if the water be not agitated, will 
preserve the soft mortar beneath it from the farther action of the 
water, until it has had time to become hard, when the water will 
no longer act upon the lime in any perceptible degree. 

123. Hydraulic mortars set with more or less promptness, ac- 
cording to the character of the hydraulic hme, or of the puzzolana 
which enters into their composition. Artificial hydraulic mortars, 
with an excess of hme, set more slowly than when the lime is in 
a just proportion to the other ingredients. 

124. The quick-setting hydraulic Umes fire said to furnish a 
mortar which, in time, acquires neither as much strength nor 
hardness a& that from the slower-setting hydraulic limes. Ar- 
tificial hydraulic mortars, on the contrary, wliicli set quickly, 
gain, in time, more strength and hardness tlian those which set 
slowly. 

125. The time in which hydraulic mortars, immersed in water, 
attain their greatest hardness, is not well ascertained. Mortars 
made of strong hydraulic limes do not show any appreciable in 
crease of hardness after the second year of tlieir inunersion ; wliile 
the best artificial hydraulic mortars continue to harden, in a sen- 
sible degree, during the third year after their immersion. 

126. Theory of Mortars. The paste of a hydrate, either of 
common or of hydraulic hme, when exposed to the air, absorbs 
carbonic acid gas from it ; passes to the stale of sub-carbonate of 
Ume; without, however, rejecting the water of the hydrate, and 
gradually hardens. The time required for tlie complete satuia 
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ucn of the mass exposed, will depend on its b. Ik. The absorp- 
tion of the gas commences at the surface and proceeds more 
riowly towards the centre. The hardening of mortars exposed 
to the atmosphere, is generally attribute!^ to this absorption of tlie 
gas, as no chemical action of lime upon quartzose sand, wliich is 
the usual kind employed for mortars, has hitherto been detected 
by the most careful experiments. 

127. WiUi regard to hydraulic mortars, it is difficult to accoimt 
for their hardening, except upon the effect which the silicate of 
lime may have upon the excess of simple hydrate of uncombined 
lime contained in the mass. / M. Petot supposes, that the parti- 
cles of silicate of lime form so many centres, around whicn the 
uncombined hydrates group themselves in a crystalline form; 
becoming thus sufficiently nard to resist the solvent action of 
water. With respect to the action of quartzose sand in hydrauUc 
mortars, M. Petot ^Uiinks that the grains produce the same me- 
chanical effect as the particles of the silicate of lime, in inducing 
the aggregation of the uncombined hydrate. 

128. Concrete, This term is applied, by English architects 
and engineers, to a mortar of finely-pulverized quick-lime, sand, 
and gravel. These materials are first thoroughly mixed in a dry 
state, sufficient water is added to bring the mass to the ordinary 
consistence of mortar, and it is then rapidly worked up by a 
shovel, or else passed through a pug-mill. The concrete is used 
uiunediately after the materials are well incorporated, and while 
the mass is hot. 

129. The materials for concrete are compounded in various 
proportions. The most approved are those in which the lime 
and sand are in the proper proportions to form a good mortar 
and the gravel is twice the bulk of the sand. The gravel used 
should be clean, and any pebbles contained in it larger than 
an egg, should be broken up before the materials are incorpo 
rated. 

130. Hot water has in some cases been used in making con 
erete. It causes the mass to set more rapidly, but is not other- 
wise of any advantage. 

131 . The bulk of a mass of concrete, when first made, is found 

10 be about one fifth less tlian the total bulk of the dry materials 
But, as the lime slakes, the mass of concrete is found to expand 
about three eighths of an inch in height, for eveiy foot of the mass 
in depth. 

132. The usft of concrete is at present mostly restricted to 
forming a solid bed, in bad soils, for the foundations of edifices. 

11 has also been used to form blocks of artificial stone, for the 
walls of buildings and other like purposes ; but experience ha« 
ihown, that it possesses neither the durability nor strength reqoi 
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Bite foi Structures of a permanent character, whe: exposed to thfl 
kction of water, or of the weather. 

133. Beton, The term beton is applied, by Frinch engineers 
to any mixture of hydraulic mortar with fragments of brick, stone 
or gravel ; and it is now also used by English engineers in the 
same sense. 

134. The proportions of the ingredients used for beton are va- 
riously stated by different authors. The sole object for which 
the gravel, or the broken stone is used, bein^ to obtain a more 
economical material than a like mass of hydraulic mortar alono 
would yield, the quantity of broken stone should be as great aa 
can be thoroughly united by the mortar. The smallest amount of 
mortar, therefore, that can be used for this purpose, will be that 
which will be just equal in volume to the void spaces in any mven 
bulk of the broken stone, or gravel. The proportion which the 
volume occupied by the void spaces bears to any bulk of a loose 
material, Uke broken stone, or gravel, may be readily ascertained 
by filling a vessel of known capacity with the loose material, and 
pouring in as much water as the vessel vrill contain. The vol- 
ume of water thus found, will be the same as that of the void 
spaces. 

135. Beton made of mortar and broken stone, in which the 
proportions of the ingredients were ascertained by the process 
]ust detailed, has been found to give satisfactory results ; but, in 
order to obviate any defect arising from imperfect manipulation, 
it is usual to add an excess of mortar above that of the void 
spaces. 

The best and most economical beton is made of a mixture of 
broken stone, or brick, in fragments not larger than a hen's egg, 
and of coarse and fine gravel mixed in suitable proportions. 

136. In making beton, the mortar is first prepared, and then 
incorporated with the finer gravel ; the resulting mixture is spread 
out into a cake, 4 or 6 inches in thickness, over which the coarser 

Savel and broken stone are uniformly strewed and pressed down, 
e whole mass being finally brought to a homogeneous state with 
the hoe and shovel. 

Beton is used for the same purposes as concrete, to which it 
is superior in every respect, but particularly so for foundations 
laid under water, or in humid localities. 

137. Adherence of Mortar, The force with which mortars in 
general adhere to other materials, depends on the nature of the 
material, its texture, and the state of the surface to which the 
mortar is applied. 

138. Mortar adheres most strongly to brick ; and more feebly 
o wood tlian to any other material. Among stones, its adhosioi 

to lime-stone is generally greatest : and to basalt and sand -s* ones. 



ILART1CS. 41 

'east. Among stones of the same class, it adheres generally bet- 
ter CO the porous and coarse-grained, than to the compact and 
fine-ffrained. Among surfaces, it adheres more strongly to the 
rough than to the smooth. 

139. The adhesion of common mortar to brick and stone, for 
the first few years, is greatei than the cohesion of its own parti- 
cles. The force with which hydraulic cement adheres to the same 
materials, is less than that of the cohesion between its own parti- 
cles : and. from some recent experiments of Colonel Pasley, on 
this subject, it would seem that hydraulic cement adheres with 
nearly me same force to polished surfaces of stone as to rough 
surfaces. 

140. From experiments made by Rondelet, on the adhesion oi 
conunon mortar to stone, it appears that it required a force vsoy 
ing from 1 5 to 30 pounds on the square inch, applied perpendicu 
lar to the plane of the joint, to separate the mortar and stone 
after six months union ; whereas, only 5 poimds to the square 
inch was required to separate the same surfaces, when applied 
parallel to the plane of the joint. 

From experiments made by Colonel Pasley, he concludes that 
the adhesive force of hydraulic cement to stone, may be taken as 
high as 125 pounds on the square inch, when the joint has had 
time to harden throughout; but, he remarks, that as in large 
joints the exterior part of the joint may have hardened while the 
mterior still remains soft, it is not safe to estimate the adhesive 
force, in such cases, higher than from 30 to 40 pounds on the 
square inch. 

MASTICS. 

141. The term Mastic is generally applied to artificial or natu 
ral combinations of bituminous or resinous substances with other 
ingredients. They are converted to various uses in constructions, 
either as cements tor other materials, or as coatings, to render them 
impervious to water. 

142. Bituminous Mastic. The knowledge of this material 
dates back to an early period ; but it is only within, compara- 
tively speaking, a few years that it has come into common use in 
Kurope and tms country. The most usual form in wliich it if 
now employed, is a combmation of mineral tar and powdered 
bituminous lime-stone. 

143. The localities of each of these substances are very nu- 
merous ; but they are chiefly brought into the market from several 
places in Switzerland and France, where these mirerals are found 
m ^reat abundance ; the most noted being Val-de-Travers in 
Switzerland, and Seyssel in France. 

144. T^ mineral tar is usually obtained by bo.'ling in water a 

6 
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■oft sand-Stone, called by the French molasse^ which is Btrong)j 
impregnated with the tar. In this process, the tar is disenffa^nl 
and rises to the surface 6i the water, or adheres to the sicfes of 
tlie vessel, and the earthy 'matter remains at the bottom. Am 
analysis of a rich specimen of the Seyssel bituminous sand«8ton« 
gave the following results : — 

Quartzy grains 690 

Calcareous grains ... . • .304 

1.000 



145. The bituminous lime-stone which, when reduced to a 
powdered state, is mixed with the mineral tar, is known at the 
localities mentioned by tl^e name of asphaltum, an appellation 
which is now usually given to the mastic. This lime-stone occurs 
in the secondary formations, and is found to contain various pro- 
portions of bitumen, var3ring mostly from 3 to 15 per cent., with 
the other ordinary minerals, as argile, &c., which are met with 
in this formation. 

146. The bituminous mastic is prepared from these two mate- 
rials by heating the mineral tar in cast-iron or sheet-iron boilers, 
and stirring in the proper proportion of the powdered lime- 
stone. This operation, although very simple in its kind, requires 
great atteniiun and skill on the part of the workmen in maxiaging 
the fire, as the mastic may be injured by too low, or too high a 
cl*5grec of heat. The best plan appears to be, to apply a brisk 
fix 3 until the boiling liquid commences to give out a thin whitish 
vapor. The fire is then moderated and kept at a uniform state, 
and the powdered stone is gradually added, and mixed in with the 
tar by stirring the two well together. When the temperature has 
been raised too high, the heated mass gives out a yellowish or 
brownish vapor. In this state it should be stirred rapidly, and be 
removed at once from the fire. 

147. The asphaltic stone maybe reduced to powder, either by 
roasting it in vessels over a fire, or by grinding it down in the or- 
dinary mortar-mill. For roasting, the stone is first reduced to 
fragments the size of an egg. These fragments are put into an 
'ion vessel ; heat is applied, and the stone is reduced to powder 
by stirring it and breaking it up with an iron instrument. Tliis 
process is not only less economical than grinding, but the ma- 
terial loses a portion of its tar from evaporation, besides being 
liable to injury from too great a degree of heat. For grinding 
the stone is first broken as for roasting. Care should be taken, 
during the process, to stir the mass frequently, otherwise it ma^ 
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form into a cake. Cdd d'y weather is the bes veason for tb'i 
operation; the stone, however, should not be exposed to tbi 
weather. 

148. Owing to the variable quantity of mineral tar in bitium 
Qous lime-stone, the best proportions (» the tar and powdered stone 
for bituminous mastic, cannot be assigned beforehand. Three oi 
four per cent, too much of tar, is said to impair both the durability 
and tenacity of the mastic ; while too small a quantity is equally 
prejudicial. Generally, from eight to ten per cent, ot the tar, by 
weight, has been found to yield a favorable result. 

149. Mastics have been formed by mixing vegetable tar, pitch, 
and other resinous substances, with litharge, powdered brick, 
powdered lime-stone, &c. ; but the results obtained have gener- 
ally been inferior to those from bituminous mastic. 

150. Mineral tar is more durable than vegetable tar, and on this 
account it has been used alone as a coating for other materials, 
but not with tiie same success as mastic. Employed in this way 
the tar in time becomes dry and peels off; whereas, in the form 
of mastic, the hard matter with which it is mixed prevents the 
evaporation of the oily portion of the tar, and thus promotes its 
durability. 

151. The uses to which bituminous mastic is applied are daily 
increasing. It has been used for paving in a variety of forms 
either as a cement for large blocks of stone, or as the matrix of a 
concrete formed of small fragments of stone or gravel ; as a point 

ng, it is found to be more serviceable, for some purposes, thar 
(iydraulic cement; it forms one of the 'best water-tignt coatings 
for cisterns, cellars, the cappings of arches, terraces, and other 
similar roofings now in use ; and is a good preservative agent foi 
wood work exposed to wet or damp. 

GLUE. 

152. The conunon animal glue is seldom used as a cement foi 
any other purpose than for the work of the joiner. Although of 
considerable tenacity, it is weak, brittle, and readily impaired by 
moisture. 

153. Within a few years back, a material termed marine glue, 
the invention of Mr. Jeffery of England, has attracted attention in 
£ngland and France, in both which countries its qualities as a 
cement, both for stone and wood, have been tested with the most 
satisfactory results. This composition is said to be made by first 
dissolving caoutchouc in coal naphtha, in the proportion of one 
pound of the former to five gallons of the latter ; to this solution 
an equal weight of shellac is added, and the composition is tliev 
placed over a fire and thorouglily mixed by stirring 
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154. Owing to its insolubility in water, its remarkil .e tenactt\ 
and adhesion, and its powers of contraction and expansicn through 
a very considerable range of temperature, without becoming eithei 
very soft or brittle, the marine glue promises to be not only a val 
uable addition to tlie resources of the naval architect, but to the 
civil engineer. 

BRICK. 

155. This material is properly an artificial stone, formed bjf 
submitting common clay, which has undergone suitable prepara- 
tion, to a temperature sufficient to convert it into a semi-vitrified 
state. 

156. Brick may be used for nearly all the purposes to which 
stone is applicable ; for when carefully made, its strength, hard 
ness, and durability, are but little inferior to the more ordinar]f 
kinds of building stone. It remains unchanged under the ex- 
tremes of temperature ; resists the action of water ; sets firmly 
and promptly with mortar ; and being both cheaper and hghter 
than stone, is preferable to it for many kinds of structures, as 
arches, the walls of houses, &c. 

157. The art of brick-making is a distinct branch of the useful 
arts, and does not properly belong to that of the engineer. ' But 
as the engineer is frequently obliged to prepare this material him 
self, the toUowing outline of the process may prove of service. 

158. The best brick earth is composed of a mixture of pure 
clay and sand, deprived of pebbles oi every kind, but particularly 
of those which contain lilne, and pyritous, or other metallic sub- 
stances ; as these substances, when in large quantities, and in the 
form of pebbles, act as fluxes, and destroy the shape oif the brick, 
and weaken it by causing cavities and cracks ; but in small quan- 
tities, and equally diffused tluroughout the earth, they assist the 
verification, and give it a more uniform character. 

159. Good brick earth is frequently found in a natural state, 
and requires no other preparation for the purposes of the brick- 
maker. When he is obliged to prepare the earth by mixing the 
pure clay and sand, direct experiments should, in all cases, be 
made, to ascertain the proper proportions of the two. If the clay 
is in excess, the temperature required to semi-vitrify it, will cause 
it to warp, shrink, and crack ; and, if there is an excess of sand, 
complete vitrification will ensue, under similar circumstances. 

160. The quality of the brick depends as much on the care 
bestowed on its manufacture, as on the quality of the eartli. The 
firsi stage of the process is to free the earth irom pebbles, which 
is most effectually done by digging it out early in the autumn, 
and exposing it in small heaps to the weather during the winter. 
In the spring, the heaps are carefully riddled, if necessary, and 
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the earth is then in a proper state to be kneaded or tempered. 
T:ie quantity of water required in tempering, will depend on tha 
quality of the earth ; no more should be used, than will be suffi 
cient to make the earth so plastic, as to admit of its being easily 
moulded by the workman. About half a cubic foot of water ta 
one of the earth is, in most cases, a good proportion. If too much 
water be used, the brick will not oiuy be very slow in drying, bu» 
it will, in most cases, crack, owing to the surface becomm^ com- 
pletely dry, before the moisture of the interior has had time to 
escape ; the consequence of which will be, that the brick, when 
burnt, will be either entirely unfit for use, or very weak. 

161. Machinery is now coming into very general use in mould* 
ing brick : it is superior to manual labor, not only from the labor 
saved, but from its yielding a better quality of brick, by giving it 
great density, which adds to its stren^h. 

1 62. Great attention is requisite m drying the brick before it 
amed. It should be placed, for this purpose, in a dry expo>- 

sure, and be sheltered from the direct action of the wind and sun, 
in order that the moisture may be carried off slowly and uniformly 
from the entire surface. When this precaution is not taken, the 
brick will generally crack from the unequal shrinking, arising 
from one part drying more rapidly than the rest. 

163. The burning and cooling should be done with equal care. 
A very moderate fire shopld be appUed under the arches of the 
kiln for about twenty-four hours, to expel any remaining moisture 
from the raw brick; this is known to be completely effected, 
when the smoke from the kiln is no longer black. The fire is 
then increased until the bricks of the arches attain a white heat ; 
it is then allowed to abate in some degree, in order to prevent 
complete vitrification ; and it is alternately raised and lowered in 
this way, until the burning is complete, which may be ascer* 
tained by examining the bricks at the top of the kiln. The 
cooling should be slowly effected ; otherwise the bricks will not 
withstand the effects of the weather. It is done by dosing 
the mouths of the arches, and the top and sides of the kiln in 
the most effectual manner with moist clay and burnt brick, and 
aUowing the kiln to remain in this state until the warmth has 
subsided. 

164. Brick of a good quality exhibits a fine, compact, uniform 
texture, when broken across ; gives a clear ringing sound, when 
struck ; and is of a cherry red, or brownish color. Three varie 
ties are found in the kiln ; those which form the arches, denom 
mated arch brick, are always vitrified in part, and present a 
gr:iyish glassy appearance at one end ; they are very hard, but 
tnrittle, of inferior strength, and set badly with mortar ; those from 
the interior of the kiln, usually denominated bodt/, hard^ or cherry 
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bricks are of the best quality ; those from near the top and sidca 
u^e generally underbumt, and are denominated softy pale or sam 
mel brick ; they have neither sufficient strength, nor durability 
for heavy masonry, nor the outside courses of walls, which nre 
exposed to the weiOher. 

165. The quality of good brick may be improved bv soaking 
it for some days in water, and re*bummg it. This process in 
rreases both the strength and durability, and renders the brick 
more suitable for hydraulic constructions, as it is found not t< 
imbibe water so readily after having undergone it. 

166. The size and form of bricks present but trifling variations. 
They are generally rectangular parallelopipeds, from eight to nine 
inches long, from four to four and a half wide, and from two to 
iwo and a quarter thick. Thin brick is generally of a bettei 
quality than thick, because it can be dried and burned more 
uniformly. 

167. Firerbrick, This material is used for the facing of ftir 
oaces, fireplaces, &c., where a high degree of temperature is to be 
sustained. It is made of a very refractory kind ot pure clay, that 
remains unchanged bya degreeof heat which would vitrify and com 
pletely destroy ordinary brick. A very remarkable bnck of thi» 
character has been made of agaric mineral; it remains un- 
changed under the highest temperature, is one of the worst con- 
ductors of heat, and so light that it will float on water. 

168. Tiles. As a roof covering, tiles are, in many respects, 
superior to slate, or metallic coverings. They are strong and 
durable, and are very suitable for the covering of arches, as theii 
ffreat weight is not so objectionable here, as in the case of roofs 
formed offrames of timber. 

Tiles should be made of the best potter's clay, and be moulded 
with great care to give them the greatest density and strength. 
They are of very variable form and size ; the worst being the 
flat square form, as, from the liability of the clay to warp in bum-> 
D3g, they do not make a perfectly water-tight covering. 

WOOD. 

169. This material holds the next rank to stone, owing to its 
durability and strength, and the very generil use made of it in 
constructions. To suit it to the purposes of the engineer, the 
tree is felled after having attained its mature growth, and the 
tnmk, the larger branches that spring from the trunk, and the 
main parts of the root, are cut into suitable dimensions, ard sea- 
toned, in which state, the term timber is applied to it. The 
crooked, or compass timber of the branches and roots, is mostly 
applied to the purooses of ship-building, for the knees and otliei 
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parts of the frame-work of vessels, requinng crooked timber 
Fbe trunk furnishes all the straight timber. 

170. The trunk of a full-mrown tree presents three distinct 
parts : the barkf which forms me exterior coating ; the sap-wood, 
which is next to the bark ; the fiearty or inner part, which is easilj 
distinguishable from the sap-wood by its greater firmness and 
darker color. 

171. The heart forms the essential part of the trunk, as r 
building material. The sap-wood possesses but Uttle strength 
and is subject to rapid decay, owing to the great quantity of fei 
mentablc matter contained m it ; and the bark is not only without 
strength, but, if suffered to remain on the tree after it is felled, it 
hastens the decay of the sap-wood and heart. 

172. Trees should not be felled for timber until they have at- 
tained their mature growth, nor after they exhibit symptoms of 
decline ; otherwise, tiie timber will be less strong, and far less 
durable. Most forest trees arrive at maturity between fifty and 
one hundred years, and commence to decline after one hundred 
and fifty or two hundred years. The age of the tree can, in most 
cases, be ascertained either by its external appearances, or by 
cutting into the centre of the trunk, and counting the rings, or 
layers of the sap and heart, as a new ring is formed each year in 
the process of vegetation. When the tree commences to decline, 
the extremities of the old branches, and particularly tlie top, ex- 
hibit signs of decay. 

. 173. Trees should not be felled while the sap is in circulation ; 
for this substance is of a peculiarlj^ fermentable nature, and, there 
fore, very productive of destruction to the wood. The winter 
months, and July, are the seasons in which trees are felled foi 
timber, as the sap is generally considered as dormant during these 
months ; this practice, however, is in part condemned by some 
writers ; and the recent experiments of M. Boucherie, in France, 
support this opinion, and indicate midsummer and autumn as the 
seasons in which the sap is least active, and therefore as most 
favorable for feUing. 

174. As the sap-wood, in most tiees, forms a large portion of 
(he trunk, experiments have been made, for the purpose of im- 
proving its strength and durability. These experiments have been 
mostly directed towards the manner of preparing the tree, before 
felling it. One method consists in girdling^ or making an in 
cision with an axe around the trunk, completely through the sap 
wood, and suffering the tree to stand in this state until it is dead ; 
the oUier consists in barking, or stripping tlie entire trunk of its 
bark, without wounding the sap-wood, early in the spring, and al- 
lowing the tree to stand until the new leaves have put fortli aid 
Mien, before it is felled. The sap-wood of trees, treated by both 
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of these methods, was found very much improved in hardniMt 
■trength, and durability ; the results firom giraling were, however 
inferior to those from barkinff. 

175. The seasoning of timber is of the greatest importance, not 
only to its durability, but to the solidity ofthe structure for which 
it may be used ; as a very sUght shrinking of some of the pieces, 
arising from the seasoning of the wood, might, in many cases, 
cause material injury, if not complete destruction to the structure. 
Timber is consiaered as sufficiently seasoned, for the purposes 
of frame-work, when it has lost abou'. one fifth of the weight 
wliich it has in a green state. Several methods are in use for 
seasoning timber : they consist either in an exposure to the air 
for a certain period in a sheltered position, whicn is termed natu^ 
ral seasoning ; in immersion in water, termed water seasoning ; 
or in boiling, or steaming. 

176. For natural seasoning, it is usually recommended to stnp 
the trunk of its branches and bark, immediately upon felling, ana 
to remove it to some dry position, until it can be sawed into suit- 
able scantling. From tne experiments of M. Boucherie, just 
cited, it would seem that better results would ensue, from allow*' 
ing the branches and bark to remain on the trunk for some days 
after feUing. In this state, the vital action of the tree continuing 
in operation, the sap-vessels will be gradually exliausted of sap, 
and,filled with air, and tlie trunk thus better prepared for the pro« 
cess of seasoning. To complete the seasoning, the sawed timbei 
should be piled under drymg sheds, where it will be freely ex- 
posed to the circulation of^ the air, but sheltered from the direct 
action of the wind, rain, and sun. By taking these precautions, 
an equable evaporation of the moisture will take place over the 
entire surface, which will prevent either warping or spUtting, 
which necessarily ensues when one part dries more rapidly than 
mother. It is farther recommended, instead of piling the pieces 
on each other in a horizontal position, that they be laid on cast*^ 
iron supports properly prepared, and with a sufficient inclination 
to facilitate the drippmg of the sap from one end ; and that heavy 
round timber be bored through the centre, to expose a greater 
surface to the air, as it has been found that it crackis more m sea* 
soiling than square timber. 

Natural seasoning is preferable to any other, as timber seasoned 
m this way is both stronger and more cmrable than when prepared 
by any artificial process. Most timber will require, on an aver« 
age, about two years to become fully seasoned in tlie natural 
way. 

i77. The process of seasoning by immersion in water, is slow 
and imperfect, as it takes years to saturate heavy timly-r ; and 
the soluble matter is discharged very slowly, and chiefly f^om the 



WOOD. 49 

exterior layers of the immersed wood. The practice of keeping 
dmber in water, with a view to facilitate its seasoning, has been 
condemned as of doubtful utility ; particularly inmiersion in salt 
water, where the timber is liable to the inroads of those two very 
destructive inhabitants of our waters, ;he Limnoria Tefebrans^ 
and Teredo Navalis ; the former of which rapidly destroys the 
heaviest logs, by gradually eating in between the annual rings ; 
and the latter, the well-known ship-worm^ by converting timber 
into a perfect honeycomb state by its numerous perforations. 

178 Steaming is mostly in use for ship-building, where it is 
necessary to soften the fibres, for the purpose of bending large 
pieces of timber. This is effected by placing the timber in strong 
steam-tight cylinders, where it is subjected to the action of steam 
long enough for the object in view ; the period usually allowed, 
is one hour to each inch in thickness. Steaming slightly impairs 
the strength of timber, but renders it less subject to decay, and 
less liable to warp and crack. 

179. When timber is used for posts partly imbedded in the 
^und, it is usual to char tl^e part imbedded, to preserve it from 
decay. This method is only serviceable when the timber has been 
previously well seasoned ; but for green timber it is highly inju- 
rious, as by closing the pores, it prevents the evaporation from the 
surface, and thus causes fermentation and rapid decay witliin. 

180. The most durable timber is procured from trees of a close 
compact texture, which, on analysis, yield the largest quantity of 
carbon. And those which grow in moist and shady locahties, 
furnish timber which is weaker and less durable than that from 
trees growing in a dry open exposure. 

181. Timber is subject to defects, arising either from some 
pecuUarity in the growui of the tree, or from the effects of the 
weather. Straight-grained timber, free from knots, is superior 
in strength and quality^ as a building material, to that which is 
ihe reverse. 

182. The action of high winds, or of severe frosts, injures the 
tree while standing : the former separating the layers from each 
other, forming what is denominated roUed timbei ; the latter 
cracking the timber in several places, from th^' surface to the 
centre. These defects, as well as those arising from worms, or 
age, are easily seen by examining a cross section of the trunk. 

183. The wet and dry rot are the most serious causes of tlie 
decay of timber ; as all me remedies thus far proposed to prevent 
them, are too expensive to admit of a very general application. 
Both of these causes have the same origin, fermentation, and 
consequent putrefaction. The wet rot takes place in wood ex- 
posed, alternately, to moisture and dryness ; and the dry rot is 
occasioned by want of a free circulation of air, as in confined 
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warm localities, like cellars and the more confined parts (I 
vessels. 

Trees of rapid growth, which contain a arge portior of sap- 
• wood, and timber of every description, wher. usea green, where 
there is a want of a free circulation of air, decay very rapidly with 
the rot. 

184. Numberless experiments have been made on the preser 
vation of timber, and many processes for this purpose have been 
patented both in Europe and this country. Several of these 
processes have yielded the most satisfactory results ; and nearly 
all have proved more or less efficacious. The means mostly re* 
sorted to have been the saturation of the timber in the solution 
of some salt with a metallic, or earthy base, tims forming an in 
soluble compound with the soluble matter of the timber. The 
salts which have been most generally tried, are the sulphate of 
iron, or copper, and the chloride of mercury, zinc, or calcium 
The results obtained from the chlorides have been more satisfac 
tory than those from the sulphates ; the latter class of salts witli 
metallic bases possess midoubted antiseptic properties ; but it is 
stated that the freed sulphuric acid, arising from the chemical 
action of the salt on the wood, impairs the woody fibre, and 
changes it into a substance resembling carbon. 

185. The processes which have come into most general use, 
are those of Mr. Kyan, and of Sir W. Burnett, called after the 
patentees kyanizing and bumetizing, Kyan's process is to sat- 
urate the timber with a solution of chloride of mercury ; u.*ing, 
for the solution, one pound of the salt to five gallons of wuter 
Burnett uses a solution of chloride of zinc, in tne proportioi. of 
one pound of the salt to ten gallons of water, for common piur- 
poses ; and a more highly concentrated solution when the object 
is also to render the wood incombustible. 

186. As timber under the ordinary circumstances of immer- 
sion imbibes the solutions very slowly, a more expeditious, as 
well as more perfect means of saturation has been used of late, 
which consists in placing the wood to be prepared in strong 
wrought-iron cylinders, lined with felt and boards, to protect the 
iron from the action of the solution, where, first by exhausting 
tlie cylinders of air, and then applying a strong pressure by means 
of a force-pump, the liquid is forced into the sap and air-vessels, 
and penetrates to the very centre of the timber. 

187. Among the patented processes in our country, that of Mr. 
Earle has received most notice. This consists in boiling the 
timber in a solution of the sulphates of copper ard iron. Opinion 
seems to be divided as to the efficacy of this method. It has been 
tried for the preservation of timber for artillery carriages, but r ot 
w.'th satisfactory results 
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188. M. Boficherie ^ whose able researches on this subject 
reference has been made, noticing the slowness with which 
aqueous solutions were imbibed by wood, when simply im- 
mersed in them, conceived the ingenious idea of rendering the 
vital action of the sap-vessels subservient to a thorough impreg- 
nation of every part of the trunk where there was this vitality 
To effect this, he first inunersed the butt end of a freshly-felled 
n:ee in a hquid, and found that it was diffused throughout all parts 
of the tree, in a few days, by the action in qjuestion. But, find 
mg It difficult to manage trees of some size when felled, M. 
Boucherie next attempted to saturate them before felling; for 
which purpose he bored an auger-hole through the trunk, and 
made a saw-cut from the auger-hole outwards, on each side, to 
within a few inches of the exterior, leaving enough of the fibres 
untouched to support the tree. One end of the auger-hole was 
then stopped, as well as all of the saw-cut on the exterior, and 
the liquid was introduced by a tube inserted into the open end of 
the auger-hole. This metHod was found equally efficacious with 
the first, and more convenient. 

189. After examining the action of the various neutral salts on 
the soluble matter contained in wood, M. Boucherie was led to 
try the impure pyrolignite of iron, both from its chemical compo- 
sition and its cheapness. The results of this experiment were 
perfectly satisfactory. The pyrolignite of iron, in the proportion 
of one fiftieth in weight of the green wood, was found not only to 
preserve the Vfood from decay, but to harden it to a very liigh 
degree. 

190. Observing that the pliability and elasticity of wood de- 

gmded, in a great measure, on the moisture contained in it, M. 
oucherie next directed his attention to the means of improving 
these properties. For this purpose, he tried solutions of various 
deliquescent salts, which were lound to answer the end proposed. 
Among these solutions, he gives the preference to that of ciiloride 
of calcium, which also, when concentrated, renders the wood in- 
combustible. He also recommends for like purposes the mother 
water of salt-marshes, as cheaper than the solution of the chloride 
of calcium. Timber prepared in this way is not only improved 
in elasticity and phability, but is prevented from warping and 
cracking ; the timber, however, is subject to greater variations in 
weight than when seasoned naturally. 

191. M. Boucherie is of opinion that the earthy chlorides will 
iho act as preservatives, but to ensure this he recommends that 
they be mixed with one fifth of p]nrolignite of iron. 

192. From other experiments of M. Boucherie, it appears thai 
the sap may be expelled from any freshly-felled timber by the 
pressure of a liquid, and the timber be impregnated as thoroughly 
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B8 by the {nreceJinff processes. To effect this, the piece to ba 
saturated is placed in an upright position, so that tne sap maj 
flow readily irom the lower end ; a water-ticht bag, containing 
I he liquid, is affixed to tlie upper extremity wnich is surmounted 
by the liquid, the pressure trom which expels the sap, and fills 
the sap-vessels with the liquid. The process is complete when 
the liquid is found to issue in a pure state from the lower end of 
the stick. 

193. Either of the above processes may be appUed in impreg- 
nating timber with coloring matter for ornamental purposes. The 
plan recommended by M. Boucherie, consists in introducing sep« 
arately the solutions by the chemical union of which the color is 
to be formed. 

194. The effect of time on the durability of timber, prepared 
by any of the various chemical processes which have just been 
detailed, remains to be seen ; although results of the most satis- 
factory nature may be looked for, considering the severe tests to 
which most of them have been submitted, by exposure in situa- 
tions pecuUarly favorable to the destruction oi hgneous sub- 
stances. 

195. The durability of timber, when not prepared by any of 
the above-mentioned processes, varies greatly under different cir- 
cumstances of exposure. If placed in a sheltered position, and 
exposed to a free circulation ot air, timber will last for centuries, 
without showing any sensible changes in its physical proper- 
ties. An equal, if not superior, durability is observed when it 
is immersed in fresh water, or embedded in thick walls, or 
undei ground, so as to be beyond the influence of atmospheric 
changes. 

196. In salt water, however, particularly in warm cUmates, 
timber is rapidly destroyed by the two animals already noticed : 
the one, the limnoria terebrans^ attacking, it is said, only station- 
ary wood, while the attacks of the other, the teredo navalis^ are 
general. Various means have been tried to guard against the 
ravages of these destructive agents ; that of sheathing exposed 
timber with copper, or with a coating of hydrauUc cement, affixed 
to the wood by studding it thickly over with broad-headed nails to 

5ive a hold to the cement, has met witli full success ; but the oxi- 
ation of the metal, and the hability to accident of the cement, 
limit their efficacy to cases where they can be renewed. The 
chemical processes or preserving timber from decay, do not ap- 
pear to guard them in salt water. A process, however, of pre- 
serving timber by impregnatmg it with coal tar, patented in this 
country by Professor Kenwick, appears, from careful experi- 
ments, also to be efficacious against the attack of the ship-womL. 
A coatii>g of Jeffeiy's marme glue, when impregnated wiiii some 
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'A the insolible mineral poisons destructive to animal lile, is said 
JO subserve the same ena. 

197. The best seasoned timber wil i ot withstand tlie eifectn 
oi exposure to the weather for a much greater period than twenty 
hve years, unless it is protected by a coating of paint or pitch, 
or 01 oil laid on hot, when the timber is partly charred over a light 
blaze. These substances themselves, being of a perishable na 
ture, require to be renewed, from time to time, and will, there- 
fore, be serviceable only in situations which admit of their renewal. 
They are, moreover, more hurtful than serviceable, to unseasoned 
timber, as by closing the pores of the exterior surface, they pre- 
vent the moisture from escaping from within, and, therefore, pro- 
mote one of the chief causes of decay. 

1 98. The forests of our own country produce a great variety 
of the best timber for every purpose, and supply abundantly both 
our own and foreign markets. The following genera are in most 
common use. 

199. Oak. About forty-four species of this tree are enumera- 
ted by botanists, as found in our forests, and those of Mexico. 
The most of them afford a good building material, except the 
varieties of red oak, the timber of which is weak, and decays 
rapidly. 

The White Oak, {Quercus Alba,) so named from the color 
of Its bark, is among the most valuable of the species, and is in 
very general use, but is mostly reserved for naval constructions ; 
Its trunk, which is large, serving for heavy frame-work, and the 
roots and larger branches affording the best compass timber. The 
wood is strong and durable, and of a sUghtly reddish tinge ; it is 
not suitable for boards, as it shrinks about -^j in seasoning, and 
is very subject to warp and crack. 

This tree is found most abundantly in the Middle States. It 
is seldom seen, in comparison with other forest trees, in the 
Eastern and Southern States, or in the nch valleys of the West- 
ern States. 

Post Oak, (Quercus Obtusiloba.) This tree seldom attains a 
greater diameter than about fifteen inches, and, on this account, 
18 mostly used for posts, from which use it takes its name The 
wood has a yellowish hue, and close grain ; is said to exceed 
«vhite oak in strength and durability ; and is, therefore, an excel- 
lent buildinff material for the lighter kinds of frame-work. This 
tree is found most abundantly in the forests of Maryland and Vir- 
ginia, and is there frequently called Box White Oaky and Iron 
Oak, It also grows in the forests of the Southern and Western 
States, but is rarely seen farther north than the mouth of the 
Hudson River. 

Chesnut \\'hite Oak, ( Qfiercus Prinus Palustris.) The tim 
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oer of this tree i strong and durable, but inferior to ihe two ]iro 
ceding species. The tree is abundant from North CaroUna t« 
Floriduu 

Rock Chesnu Oak, {Quercus Prinus Monticola,) The timbei 
of this tree is mostly in use for naval constructions, for wiiich it 
is esteemed inferior only to the white oak. The tree is fcund iu 
the Middle States, and as far north as Vermont. 

Live Oak, {Quercus Virens,) The wood of tliis tree is of a 
yellowish tinge ; it is heavy, compact, and of a fine grain ; it is 
stronger and more durable than any other species, and, on this 
account, it is considered invaluable for tlie purposes of sliip 
building, for which it is exclusively reserved. 

The live oak is not found farther north than the neighborhood 
of Norfolk, Virginia, nor farther inland, than from fifteen to twenty 
miles from the seacoast. It is found in abundance along the 
coast south, and in the adjacent islands as far as the mouth of Uie 
Mississippi. 

200. Pine. This verj' interesting genus is considered inferior 
only to the oak, from the excellent timber aiforded by neturly aD 
of its species. It is regarded as a most valuable building mate 
rial, owmg to its strength and durabiUty, the straightness of its 
fibre, the ease with which it is wrought, and its applicabihty to 
all the purposes of constructions in wood. 

Yellow Pine, {Pinus Mitis.) The heart-wood of this tree is 
fine-grained, moderately resinous, strong, and durable ; but the 
sap-wood is very inferior, decaying rapidly on exposure to the 
weather. The limber is in very general use for frame-work, &c. 

This tree is found throughout our country, but in the greatest 
abundance in the Middle States. In the Southern States, it is 
known as Spruce Pine and Short-leaved Pine. 

Long-leaved Pine, or Southern Pine, {Pinus Australis.) Tliis 
tree has but Uttle sap-wood : and the resinous matter is uniformly 
distributed throughout the heart-wood, which presents a fine com- 
pact grain, having more hardness, strength, and durability, than 
any oUier species of the pine, owing to which qualities the timber 
is m very great demand. 

The tree is first met with near Norfolk, Virginia, and from this 
point south, it is abundantly found. 

Wliite Pine, or Nortliem Pme, {Pinus Strobus.) This tree 
takes its name from the color of its wood, wliich is white, soft 
light, straight-grained, and durable. It is inferior in strength to 
the species just described, and has, moreover, the defect of swell- 
mg in damp weather. Its timber is, however, in great demand 
as a good building material, being ahnost the only kind in use in 
the Eastern and Northern States, for the frume-wark and joinery 
9f houses, dec. 
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The finest specimens of this tree grow in the fore; /s of Maine 
t is fiund in great abundance between the 43d ard 47th paral 
ieis, N. L. 

201. Among the forest trees in less general use than the oak 
und pine, the Locust^ the Chesnut^ the Red Cedar, ard the Larch, 
hold the first place for hardness, strength, and durability. They 
are chiefly used for the fraocs-work of vessels. The chesnut, the 
iocust, and the cedar, are preferred to all otlier trees for posts. 

202. The Black, or Double Spruce, {Abies Nigra^) also af- 
fords an excellent material, its timber being strong, durable, and 
light. 

203. The Junwer or White Cedar, and the Cypress, are verj 
celebrated for anording a material, which is very Ught, and of 
great durability, when exposed to the weather ; owing to these 
qualities, it is almost exclusively used for shingles and other ex- 
terior coverings. These two trees are found, in great abundance, 
in the swamps of the Southern States. 

METALS. 

204. The metals in most common use in constructions are 
Iron, Copper, Zinc, Tin, and Lead, 

IRON. 

205. This metal is very extensively used for the puiposes of 
the engineer and architect, both in the state of Cast Iron, and 
Wrought Iron, 

206. Cast Iron is one of the most valuable building materiali^, 
owing to its great strength, hardness, and durabiUty, and the ease 
with which it can be cast, or moulded, into the best forms, for 
the purposes to which it is to be applied. 

207. Cast iron is divided into two principal varieties, the Gray 
cast iron, and White cast iron. There exists a very marked dif 
ference between the properties of these two varieties. There 
are, besides, many intermediate varieties, which partake more ox 
less of the properties of these two, as tliey approach, in their ex- 
ternal appearances, nearer to the one or the oUier. 

208. Gray cast iron, when of a good quality^ is slightly malle- 
able in a cold state, and wir ^ .^.^ leaJily to the action oi the file, 
when the hard outside coating is removed. This variety is also 
sometimes termed soft ^ay cast iron ; it is jsofter and toughei 
than the white iron. When broken, the surface of the fiacture 
presents a g.anular structure ; tlie color is gray ; and the lustre 
s what is termed metallic, resembhng small brilliant particles oi 
ead strewed over the surface. 

209. White cast iron is very hard and brittle ; when recent/ y 
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broken, the surface of the fracture presents a listhictly^marked 
crystalline structure ; the color is white ; and lustre vitieous, oi 
oearing a resemblance to the reflected light from an aggregation 
of small crystals. 

210. Mr. Mallet, in a very able Report made to the British 
Association for the Advancement of Science, remarking on the 
great want of uniformity, among manufacturers of iron, in the 

' tenns used to describe its diflferent varieties, proposes the follow- 
ing nomenclature, as comprising every variety, with their distinc- 
tive chai'acters. 

Silvery, Least fusible ; thickens rapidly when fluid by a 
spontaneous puddling ; crystals vesicular, often crystalline ; in- 
capable of being cut by chisel or file ; ultimate cohesion a maxi- 
mum ; elastic range a minimum. 

Micaceous. Very soft ; greasy feel ; peculiar micaceous ap- 
pearance generally owing to excess of manganese ; soils the fin- 
gers strongly ; crystals large ; runs very fluid ; contraction large. 

Mottled, Touch and hard ; filed or cut with difiiculty ; crys- 
tals large and small mixed ; sometimes runs thick ; contraction in 
cooling a maximum. 

Bright Gray. Toughness and hardness most suitable for 
working ; ultimate cohesion and elastic range generally are bal- 
anced most advantageously ; crystals uniform, very minute. 

Dull Gray, Less tougn than the preceding ; other characters 
alike ; contraction in cooling a minimum. 

Dark Gray, Most fusible ; remains long fluid ; exudes graphite 
in cooling ; soils tlie fingers ; crystals large and lamellar ; ultimate 
cohesion a minimum, and elastic range a maximum. 

211. The gray iron is most suitable where strength is required ; 
and the white, where hardness is the principal requisite. 

212. The color and lustre, presented by the surface of a recent 
fracture, are the best indications of the quality of iron. A uni- 
form dark gray color, and high metallic lustre, are indications of the 
best and strongest. With the same color, but less lustre, the iron 
will be found to be softer and weaker, and to crumble readily. 
Iron without lustre, of a dark and mottled color, is the softest and 
weakest of the gray varieties. 

Iron of a light gray color and high metallic lustre, is usually 
very hard and tenacious. As the color approaches to white, and 
the metallic lustre changes to vitreous, hardness and brittleness 
become more marked, until the extremes of a dull, or grayish white 
color, and a very high vitreous lustre, are attained, which are the 
indications of tlie hardest and most brittle of the white variety. 

213. The quality of cast iron may also be tested, by striking a 
smart stroke with a hammer on the edge of a casting. If the 
blow produces a slight indentation, without any appearance of 
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fracture^ it shows that the iron is slightly malleable, and» there* 
fore, of a good quality ; if, on the contraiy, the edge is broKen, it 
indicates Brittleness in the material, andf a consequent want of 
strength. 

214. The strength of cast iron varies with its density ; and this 
element depends upon the temperature of the metal when drawn 
from the furnace ; tlie rate of cooling ; the head of metal under 
which the casting is made ; and the bulk of the casting. 

215. The density of iron cast in vertical moulds increases, ac- 
cording to Mr. Mallet's experiments, very rapidly from the top 
downward, to a depth of about four feet below the top ; from this 
point to the bottom, the rate of increase is very nearly uniform. 
All other circumstances remaining the same, the density decreases 
with the bulk of the casting ; hence large are proportionally 
weaker than small castings. 

216. From all of these causes, by which the strength of iron 
may be influenced, it is very difficult to judge of the quality of a 
casting by its external characters ; in general, however, if the 
exterior presents a uniform appearance, devoid of marked ine- 
qualities of surface, it will be an indication of uniform strength. 

217. The economy in the manufacture of cast iron, arising 
from the use of the Kot blast, has naturally directed attention to 
the comparative merits between iron produced by this process 
and that from the cold blast. This subject has been ably inves- 
tigated by Messrs. Fairbaim and Hodgkinson, and tlieir results 
published in the Seventh Report of the British Association. 

Mr. Hodgkinson remarks on this subject, in reference to the 
results of his experiments : " It is rendered exceedingly probable 
that the introduction of a heated blast into the manufacture of 
cast iron, has injured the softer irons, while it has frequently 
mollified and improved those of a harder nature ; and considering 
the small deterioration that" some " irons have sustained, and the 
apparent benefit to those oP others, " together with the great saving 
effected by the heated blast, there seems good reason for tlie pro* 
cess becoming as general as it has done." 

218. From a number of specific gravities given in these Re- 
ports, the mean specific gravity of cold blast iron is nearly 7.091, 
that of hot blast 7.021. 

219. Mr. Fairbaim concludes his Report with these observa 
tions, as the results of the investigations of himself and Mr. Hodg 
kinson : '* The ultimatum of our inquiries, made in this way, 
stands, therefore, in the ratio of strength, 1000 for the cold blast, 
to 1024.8 for the hot blast ; leaving the small fractional difference 
of 24.8 in favor of the hot blast." 

'^ The relative powers to sustain impact, are likewise in favo 
of the hot blast, being in the ratio of 1000 to 1226.3 " 

8 
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220. Wrought Iron. The color, lustre, and texture of a recen 
fracture, present, also, the most certain indications, of the qualitf 
(f wrought iron. The firacture submitted to examination, should 
be of bars at least one inch square ; or, if of flat bars, they should 
be at least half an inch thick ; otherwise, the texture will be so 
^eatly changed, arising from the greater elongation of the fibres, 
m bars of smaller dimensions, as to present none of those dis- 
tinctive differences observable in the iracture of large bars. 

221. The surface of a recent fracture of good iron, presents a 
clear gray color, and high metaUic lustre ; the texture is granular, 
and the grains have an elongated shape, and are pointed and 
sUghtly crooked at their ends, giving the idea of a powerful force 
having been employed to produce the fracture. When a bar, 
presenting these appearances, is hammered, or drawn out into 
small bars, the surface of fracture of these bars will have a very 
marked fibrous appearance, the filaments being of a white color 
and very elongated. 

222. When the texture is either laminated, or crystalline, it is 
an indication of some defect in the metal, arising either from the 
mixture of foreign ingredients, or else from some neglect in the 
process of forging. 

223. Burnt iron is of a clear gray color, with a slight shade 
of blue, and of a slaty texture. It is soft and brittle. 

224. Cold short irony or iron that cannot be hammered wher 
cold without breaking, presents nearly the same appearance as 
burnt iron, but its color inclines to white. It is very hard and 
brittle. 

225. Hot short iron^ or that which breaks under tlie ham- 
mer when heated, is of a dark color without lustre. This de- 
fect is usually indicated in the bar by numerous cracks on the 
edges. 

226. The fibrous texture, which is developed only in smaL 
bars by hammering, is an inherent quality of^ good iron ; those 
varieties which are not susceptible of receiving this peculiar tex- 
ture, are of an inferior quaUty, and should never be used for pur- 
poses requiring great strength : the filaments of bad varieties are 
short, and the fracture is of a deep color, between lead gray and 
dark gray. 

227. The best wrought iron presents two varieties ; the Hara 
and Soft. The hard variety is very strong and ductile. It pre- 
serves its granular texture a long time under Uie action of the 
hammer, and only developes tlie fibrous texture when beaten, or 
drawn out into small rods : its filaments then present a silvei 
white appearance. 

228. The soft varie^ is weaker than the hard ; it yields easily 
tc the hammer ; and H commeixes to exiibit, under its action 
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the fibrous texture m tolerably lar^e bars. The color of tlie 
fibres id between a silver white and lead gray. 

229. Iron may be naturally of a good quaUty, arc' stiL, from 
being badly refined, not present the appearances which are re< 
garded as sure indications of its excellence. Among the defects 
arising from this cause are blisters^ flawSy and dnder^holes 
Generally, however, if the surface of fracture presents a texture 
partly crystalline and partly fibrous, or a fine granular texture, ii 
which some of the grains seem pointed and crooked at the points, 
together with a light gray color without lustre, it will indicate 
natural good qualities, which require only careful refining to be 
fully developed. 

230. The strength of wrought iron is very variable, as it de- 
pends not only on the natural quaUties of the metal, but also upon 
the care bestowed in forging, and the greater or less compres- 
sion of its fibres, when drawn or hammered into bars of different 
sizes. 

231. In the Report made by the sub-committee,^ Messrs. John 
son and Reeves, on the strength of Boiler Iron, {Journal of Frank' 
lin Institute^ vol. 20, New Series,) it is stated that the following 
order of superiority obtains among the different liinds of pig 
metal, with respect to the malleable iron which they furnish :— 
1 Lively gray ; 2 White ; 3 Mottled gray ; 4 Dead gray ; 
5 Mixed metals. 

The Report states, '^ So far as these experiments may be con 
sidered decisive of the question, they favor the Ughter complexion 
of the cast metal, in preference to the darker and mottled varie 
ties; and they place the mixture of different sorts among the 
worst modifications of the material to be used, where the object 
is mere tenacity." 

232. These experiments also show that piling iron of different 
degrees of fineness in the same plate is injurious to its quality, 
owing to the consequent inequality of the welding. 

233. From these experiments, the mean specific gravity of 
boiler iron is 7.7344, and of bar iron 7.7254. 

234. Durability of Iron. The durability of iron, under the 
different circumstances of exposure to which it may be submitted, 
depends on the manner in which the casting may have been made ; 
(he bulk of the piece employed ; the more or less homogeneous- 
ness of the mass ; its density and hardness. 

235. Amon^ the most recent and able researches upon the ac 
tion of the ordmary corrosive agents on iron, and the preservative 
means to be employed against them, those of Mr. Mallet, given in 
ilie Report already mentioned, hold the first rank. A brief re- 
capitulation of the most prominent conclusions at which ho ^bm 
arrived, is all that can be attempted in this place. 
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236. When iron is only partly immersed a water, jir wholly 
uimersed in water composed of strata of different densities, like 
that of tidal rivers, a yoltaic pile of one solid and twc fluid bodies 
is formed, which causes a more rapid corrosion than when the 
liquid is of uniform densi^. 

237. The corrosive action of the foul sea water of docks and 
harbors is far more powerful than that of clear sea, or fresh water, 
owing to the action of the hydro-sulphuric acid which, being dis« 
engaged from the mud, impregnates the water, and acts on the 
iron. 

238. In clear fresh river water, the corrosive action is less than 
under any other circumstances of immersion ; owing to the ab- 
sence of corrosive agents, and the firm adherence oi the oxide 
formed, which presents a hard coat that is not wasljied off as in 
sea water. 

239. In clear sea water, the rate of corrosion of iron bars, one 
inch thick, is from 3 to 4 tenths of an inch for cast iron in a cen- 
tury, and about 6 tenths of an inch for vnrought iron. 

240. Wrought iron corrodes more rapidly in hot sea water than 
under any other circumstances of immersion. 

241. The same iron when chill cast corrodes more rapidly than 
when cast in green sand ; this arises from the chilled surface 
being less uniform, and therefore forming voltaic couples of iron 
of different densities, by which the rapidity of corrosion is in- 
creased. 

242. Castings made m dry sand and loam are more durable 
under water than those made in green sand. 

243. Thin bars of iron corrode more rapidly than those of more 
t5ulk. This difference in the rate of corrosion is more striking in 
the soft, or graphitic specimens of cast iron, than in the hard and 
silvery. It is caused by the more rapid rate of cooling in thin 
than in thick bars, by which the density of the surface of the for- 
mer becomes less uniform. These causes of destructibility may, 
in some degree, be obviated in castings composed of ribbed 
pieces, by making the ribs of equal thickness with the main 
pieces, and causing them to be cooled in the s^nd, before strip- 
ping the moulds. 

244. The hard crust of cast iron promotes its durabihty ; when 
this is removed to the depth of one fourth of an inch, the iron cor- 
rodes more rapidly in both air and water. 

245. Corrosion takes place the less rapidly in any variety of 
Ton, in proportion as it is more homogeneous, denser, harder, ana 
*.loser grained, ana the less graphitic. 

246. The more ordinary means u»ed to protect iron against 
the action of corrosive agents, cons:.st of paints and varnishes 
These, ui der the usual circumstances of atmospheric exposure. 
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are of but slight efficacy, and require to be frequently renewed 
In water, they are all rapidly destroyed, with the exception of 
boiled coal-tar, which, when laid on hot iron, leaves a bright ana 
solid varnish of considerable durability and protective power. 

247. The rapidly increasing purposes to which iron has been 
applied, within the last few years, has led to reseaiches upon the 
agency of electrochemical action, as a means of protecting it from 
.orrosion, both in air and water. Among the processes resorted 
to for this purpose, that of zincking, or as it is more commonly 
known, galvanizing iron has been most generally introduced. 
The experiments of Mr. Mallet, on this process, are decidedly 

Sainst zinc as a permanent electro-chemical protector. Mr. 
allet states, as the result of his observations, that zinc applied in 
fusion, in the ordinary manner, over the whole surface of iron, 
will not preserve it longer than about two years ; and that, so 
soon as oxidation commences at*any point of the iron, the protec- 
tive power of the zinc becomes considerably diminished, or even 
entirely null. Mr. Mallet concludes, " On the whole, it may be 
affirmed that, under all circumstances, zinc has not yet been so 
applied to iron, as to rank as an electro-chemical protector to- 
wards it in the strict sense ; hitherto it has not become a preven- 
tive, but merely a more or less effective palliative to destruction." 

248. In extending his researches on this subject, with alloys 
of copper and zinc, and copper and tin, Mr. Mallet found that the 
alloys of the last metals accelerate the corrosion of iron, when 
voltaically associated with it in sea water ; and that an alloy of 
the two first, represented by 23 Zn + 8Ctt, in contact with iron, 
protects it as fully as zinc alone, and suffers but little loss from 
the electro-chemical action ; thus presenting a protective en- 
ergy more permanent and invariable than that of zinc, and giving 
a nearer approximation to the solution of the problem, " to obtain 
a mode of electro-chemical protection such, that while the iron 
shall be preserved the protector shall not be acted on, and whose 
protection shall be invariable." 

249. In the course of his experiments, Mr. Mallet ascertained 
that the softest gray cast iron bears such a voltaic relation to hard 
bright cast iron, when immersed in sea water and voltaically as- 
sociated with it, that although oxidation will not be prevented on 
cither, it will still be greatly retarded on the hard, at the expense 
of the soft iron. 

250. In concluding the details of his important researches on 
this subject, Mr. Mallet makes the following judicious remarks : 
" The engineer of observant habit will soon have perceived, that 
in exposed works in iron, equality of section or scantling, in all 
parts sustaining equal strain, is far from ensuring equal passive 
power of permanent resistance, unless, in addition to a general 
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allowance for loss of substance by corrosion, this latter elemeU 
be so provided for, that it shall be equally balanced over the whole 
structure ; or, if not, shall be compelled to confine itself to por* 
tions of the general stnicture, which may lose substance witbou! 
injuring its stability." 

" The principles we hare already est. jlished sufficiently g lide 
us in the modes of effecting this ; regard must not only be had to 
the contact of dissimilar metals, or of the same in dissimilar fluids, 
but to the scantling of the casting and of its parts, and to the con- 
tact of cast iron with wrought iron or steel, or of one sort of cast 
iron with another. Thus, in a suspension bridge, if the links of 
the chains be hammered, and the pins rolled, Uie latter, where 
equally exposed, will be eaten away long before the former. In 
marine steam-boilers, the rivets are hardened by hainmiering until 
cold ; the plates, therefore, are corroded through round the rivets 
Dcforc these have suffered sensibly ; and in the air-pumps and 
condensers of engines working with sea water, or in pit work, and 
pumps lifting mineralized or ' bad' water from mines, the cast 
iron perishes first round the holes through which wrought-iron 
bolts, &c., are inserted. And abundant other instances might be 
given, shovring that the effects here spoken of are in practical 
operation to an extent that should press the means of counteract- 
ing them on the attention of the engineer." 

251. Since Mr. Mallet's Report to the British Association, he 
nas invented two processes for the protection of iron from the ac- 
tion of the atmosphere and of water ; die one by means of a coat- 
*ng formed of a triple alloy of zinc, mercury, and sodium, or po- 
tassium ; the other by au amalgam of palladium and mercury. 

252. The first process consists of forming an alloy of the metals 
used, in the following manner. To 1292 parts of zinc by weight, 
in a state of fusion, 202 parts of mercury are added, and tlie 
metals are well mixed, by stirring with a roa of dry wood, or one 
>f iron coated with clay ; sodium, or potassium is next added, in 
small quantities at a time, in the proportion of one pound to every 
ton by weight of the other two metals. The iron to be coated 
with this alloy is first cleared of all adhering oxide, by immersing 
it in a warm dilute solution of sulphuric, or of hydro-chloric acid, 
V ashing it in clear cold water, and detaching all scales, by striking 
it with a hammer ; it is then scoured clean by the hand with sand, 
or emery, under a small stream of water, until a bright metallic 
lustre is obtained ; while still wet, it is immersed in a bath formed 
of equal parts of the cold saturated solutions of chloride of zinc 
and sal-ammoniac, to which as much more solid sal-ammoniac is 
added as the solution will take up. The iron is allowed to re- 
'nain in this bath until it is covered by minute bubbles of gas ; it 
is tlien taken out, allowed to drain a few seconds, and pluni^ed 
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mto the fused alloy, from which it is withdrawn so soon^as ii nai 
acquired the same temperature. When taken from the metallic 
batii, the iron should be plunged in cold water and well washed. 

253. Care must be taken that the iron be not kept too long in 
the metallic bath, otlierwise it may be fused, owing to the great 
affinity of the alloy for iron. At the proper fusing temperature 
of Uie alloy, about 680° Fahr., it will dissolve plates of iron one 
eighth of an inch thick in a few seconds ; on this account, when- 
ever small articles of iron have to be protected, the affinity of the 

. alloy for h'on should be satisfied, by fusing some iron in it before 
unmersing that to be coated. 

254. The other process, which has been iermeA palladiumizins^ 
consists in coating the iron, prepared as in the nrst process for 
the reception of the metallic coat, with an amalgam oi palladium 
and mercury. 

COPPER. 

255. The most ordinary and useful application of this metal in 
constructions, is that of sheet copper, which is used for roof cov- 
erings, and. like purposes. Its durability under the ordinary 
changes of atmosphere is very great. Sheet copper, when quite 
thin, is apt to be defective, from cracks arising from the proces? 
of drawing it out. These may be remedied, when sheet copper 
is to be used for a water-tight sheathing, by tinning the sheets on 
one side. Sheets prepared in this way have been found to be very 
diurable. 

The alloys of copper and zinc, known under the name of brass^ 
and those of copper and tin, knovni as bronze^ gun-metaly and 
bell-metal, are, in some cases, substituted for iron, owing to their 
superior hardness to copper, and being less readily oxidized than 
iron. 

ZINC. 

256. This metal is used mostly in the form of sheets ; and fof 
water-tight sheathings it has nearly displaced every other kind of 
sheet metal. The pure metallic surface of zinc soon becomes 
covered witli a very thin, hard, transparent oxide, which is un 
changeable both in air and water, and preserves the metal beneath 
it from farther oxidation. It is this property of the oxide of zinc, 
which renders this metal so valuable for sheathing purposes ; but 
ds durability is dependent upon its not being brougnt into contact 
with iron in the presence of moisture, as the galvanic action which 
would then ensue, would soon destroy the zinc. On the same 
account zinc should be perfectly free from the presence of iron 
as a ver)r small quantity of the oxide of tliis last metal when con 
(ained in zinc, is found to occasion its rapid destruction. 
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257. i^esides the alloys of zmc already mentioned, this meta. 
alloyed with copper forms one of the most useful solders ; and 
its alloy with lead has been proposed as a cramping metal for 
uniting the parts of iron work together, or iron work to other ma* 
terials, in the place of lead, which is usually employed for this 
purpose, but which accelerates the destruction of iron in contact 
with it. 

TIN. 

258. The most useful application of tin is as a coating for 
sheet iron, or sheet copper : tne alloy which it forms, in this way, 
upon the surfaces of the metals in question, preserves them for 
some time from oxidation. Alloyed with leaa it forms one of the 
most useful solders. 

liEAD. 

259. Lead in sheets forms a very good and durable roof cover 
ing, but it is inferior to both copper and zinc in tenacity and 
durability ; and is very apt to tear asunder on inclined surfaces, 
particularly if covered with other materials, as in the case of the 
capping Of water-tight arches. 

PAINTS AND VARNISHES. 

260. Paints are mixtures of certain fixed and volatile oils, 
chiefly those of linseed and turpentine, with several of the metal 
lie ssdts and oxides, and other substances which are used either 
as pigments, or to give what is termed a body to the paint, and 
also to improve its drying properties. 

261. Paints are mainly used as protective agents to secure 
wood and metals from the destructive action of air and water. 
This they but imperfectly effect, owing to the unstable nature of 
tlie oils that enter into their composition, which are not only de- 

. stroyed by the very agents against which they are used as pro- 
tectors, but by the chemical ciianges which result from the action 
of the elements of the oil upon the metallic salts and oxides. 

262. Paints are more durable in air than in water. In the lat- 
ter element, whether fresh or salt, particularly if foul, paints are 
soon destroyed by the chemical changes which take place, both 
from the action of the water upon the oils, and that of the hydro 
sulphuric acid contained in foul water upon the metallic salts and 
oxiaes. 

263. However carefully made or applied, paints soon become 
permeable to water, owing to the very minute pores which arise 
from the chemical changes in their constituents. These changes 
will have but little influence upon the preservative acticn of paints 
upon wood exposed to ttie effects of the atmosphere, provided the 
wood be well seasoned before the paint is applied, and that the 
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lattei be renewed at suitable intervals of time. On metals these 
changes have a very important bearing. The permeability of tlie 
paint to moisture causes the surface of the metal under it to rust, 
and this cause of destruction is, in most cases, 'promoted by tlie 
chemical changes which the paint undergoes. 

264. Varnishes are solutions of various resinous substances 
in solvents which possess the property of drying rapidly. They 
are used for the same purposes as pamts, and have generally the 
same defects. 

265. The following are some of the more usual compositiontf 
of paints and varnishes. 

White Painty {for exposed toood,) 

White lead, ground in oil • . .80 
Boiled oil ...... 9 

Raw oil 

Spirits turpentine 4 

The white lead to be ground in the oil, and the spirits- of tui 
pentine added. 

Black Paint. 

Lamp-black .... .28 

Litharge .... .1 

Japan varnish 1 

Linseed oil, boiled 73 

Spirits turpentine 1 

Lead Color. 

White lead, ground in oil • • 75 

Lamp-black .1 

Boiled linseed oil 93 

Litharge . . • - • . • 0.5 

Japan varniBh 0.5 

Spirits turpentine ' 9.5 

Grai/y or Stone Color, {for buildings.) 

White lead ground in oil . • .78 

Boiled oU 0.5 

Raw oil " . . 9.5 . 

Spirits of turpentine .... 3 

Turkey umber 0.5 

Lump-black 0.95 



Lackers for Cast Iron. 



I- 



Black lead, puWerized 
Red lead 
Litharge 
Lamp-black . 
Linseed oil 



19 

19 

5 

6 
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9 — Anti-corrotioD . . . . 
Grant^t black, groand in oil 
Red lead, as a dryer 

LiDSQed oil 

Spirits tarpentine . • « 

Copal Vamiih. 



40 

4 •* 

5 «* 
4ga]a. 
1 lunl. 



Gum copal, (in dean lumps) . • .96.6 

Boiled linseed oil 49.5 

Spirits turpentine 81 

Japan Varnish. 

Litharge 4 

BoUedoil 87 

Spirits turpentine . • • • • 9 

Red lead 

Umber 1 

Gum shellae 8 

Sugar of lead 9 

White Titriol 1 

The proportions of the above compositiciis are givei* r iOO 
parts, by weight, with the exception ot lacker 2. 

The beautiful black polish on the Berlin castinss {ot oni&nr^ntal 
purposes, is said to be produced by laying the following comi>o- 
sition on the hot iron, and then baling it. 

Bitumen of India 0.5 

Resin 0.5 

Drying oil .1.0 

Copal, or amber Tarnish . . .1.0 

Enough oil of turpentine is to be added to this mixture to make 
It spreaa. 

266. From experiments made by Mr. Mallet, on the presenra 
tive properties ot paints and varnishes for iron inmiersed in water, 
it appears that caoutchouc varnish is the best for iron m hot 
water, and asphaltum varnish under all other circumstances ; bit 
that boiled coal-tar, laid on hot iron, forms a superior coating to 
either of the foregoing. 

267. Mr. Mallet recommends the followmg compositions for a 
paint, termed by him zoofagous paint, and a varnish to be used 
to preserve zincked iron both from corrosion and from fouling in 
sea water. 

Varnish for zincked Iron. 

To £0 lbs. of foreign asphaltum, melted and boied in an iron 
vessel for three or four hours, add 16 lbs. of red Icar and litharge 
ground to a fine powder, in equal proportions, witli 10 gals, of 
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•'trying linseed oil, and bring the whole to a nearl / boiling tern* 
perature. Melt, in a second vessel, 8 lbs. of gum-anim^ ; to 
which add 2 ^als. of drying linseed oil at a boiling heat, with 12 
lbs. of caoutchouc partially dissolved in coal-tar naphtha. Pour 
ihe contents of the second vessel into the first, and boil the whole 

fpntiy, until the varnish, when taken up between two spatulas, is 
ound to be tough and ropy. This composition, when quite cold, 
is to be thinned down for use with from 30 to 35 gals, of spirits 
of turpentine, or of coal naphtha. 

268. It is recommended that the iron should be heated before 
receiving this varnish, and that it should be applied with a spatula, 
or a flexible slip of horn, instead of the ordinary brush. 

When dry and hard, it is stated that this varnish is not acted 
upon by any moderately diluted acid, or alkali ; and, by long im- 
mersion in water, it does not form a partially soluble hydrate, as 
is the case with purely resinous varmshes and oil paints. It can 
with difficulty be removed by a sharp-pointed tool ; and is so 
dastic, that a plate of iron covered with it may be bent several 
times before it will become detached. 

Zocfogcus Paint. 

269. To 100 lbs. of a mixture of drying linseed oil, red lead, 
sulphate of barytes, and a little spirits of turpentine, add 20 lbs. 
of the oxycliloride of copper, and 3 lbs. of yellow soap and com- 
mon rosin, in equal proportions, witli a little water. 

When zincked iron is exposed to the atmosphere alone, the var* 
nish is a sufficient protection for it ; but when it is immersed in 
dea water, and it is desirable, as in iron ships, to prevent it from 
fouling, by marine plants and animals attaching themselves to it, 
the paint should be used, on account of its poisonous quahties. 
The paint is applied over the varnish, and is allowed to harden 
three or four days before immersion. 



RESULTS OF EXPERIMENTAL RESEARCHES ON THE 

STRENGTH OF MATERIALS. 

HO. Whatever may be the physical structure >f materials, 
whether fibrous or granular, experiment haa^ shown that tliey all 
possess certain general properties, among the most imporUuit of 
which to the engineer are tliosc of conti^action^ elongation^ de* 
iectiony torsion, and lateral adhesion^ and tlie resistances whicb 
lliese offer to the forces by whicli they are called into action.* 

* See NoU D^ Appendix. 



68 BVILi>«iiiO MATERIALS* 

< 271 All Aolid bodies, when submitted to strains by whicti an) 
ol tJiese properties are developed, have, within certain limits, 
termed the limiU of elasticity , tne property of wholly or paitially 
resuming their original state, when the strain is taken off. Tliis 
property is usually denominated tlie elastic force^ and has for its 
measure, in the case of contraction, or elongation, the ratio be- 
tween the force which causes the one or the other of these states 
and the fraction which measures the degree of contraction, oi 
elongation. 

272. To what extent bodies possess the property of total re- 
covery of form, when relieved from a strain, is still a matter of 
doubt. It lias been generally assumed, that the elasticity of a 
material does not undergo permanent injury by any strain less 
than about one third of that which would entirely destroy its force 
of cohesion, thereby causing rupture. But from the most recent 
experiments on this point made by Mr. Hodgkinson on cast iron, 
it appears that the restoring power of this material is destroyed by 
very slight strains ; and it is rendered probable that this and most 
other materials receive a permanent change of form, or set, under 
any strain, however small. 

273. The extension, or contraction of a solid, may be effected 
either by a force acting in the direction in which the contraction, 
or elongation takesplace, or by one acting transversely, so as- to 
bend the body. Experiments have been made to ascertain, di- 
rectly, the proportion between the amount of contraction, or elon- 
gation, and the forces by which they are produced. From these 
experiments, it results, that the contractions, or elongations are, 
within certain limits, proportional to the forces, but that an equal 
amount of contraction, or elongation, is not produced by the same 
amount of force. From the experiments of Mr. Hodgkinson and 
M. Duleau, it appears, that in cast and malleable iron the con- 
traction, or elongation, caused by the same amount of pressure, 
or tension, is nearly equal ; wnile in timber, according to Mr. 
Hodgkinson, the amount of contraction is about four fifths of the 
elongation for the same force. 

274. When a solid of any of the materials used in construe* 
tions is acted upon by a forde so as to produce deflection, experi 
ment ha s shown that the fibres towards the concave side oi the 
bent solid are contracted, while those towards the convex side 
are elongated ; and tliat, between the fibres which are contracted 
and those which are elongated, otliers are found which have not 
undergone any change of length. The part of the solid occupied 
by tliese last fibres has received the name of the neutral line^ oi 
neutral axis. 

275. The hypothesis usually adopted, with respect to the cir- 
cumstances attending this kind of strain, is that the contractiom 
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tnd elongations of the fibres on each side of the neutral axis are 

Sroportional to their distances from this line ; and that, ,or slighJ 
cflections, the neutral axis passes through the centre of gravity 
of the sectional area. From experiments, however, by Mr. Hodg- 
kinsou and Mr. Barlow, it appears that the neutral axis, in forged 
h:on and cast iron, lies nearer to the concave than to the convex 
surface of the bent solid, and, probably, shifts its position when 
the degree of deflection is so great as to cause rupture. In tim- 
ber, according to Mr. Barlow, the neutral axis lies nearest to the 
convex surface ; and, from his experiments on solids of forged 
iron and timber with a rectanmilar sectional figure, he places the 
neutral axis at about three eighths of the depth of the section from 
the convex side in timber, and between one third and one fifth of 
tlie depth of the section from the concave side in forged iron. 

276. When the strain to which a soHd is subjected is suffi- 
ciently great to destroy the cohesion between its particles, and 
cause rupture, experiment has shown that the force producing 
this effect, whether it act by tension, so as to draw the fibres 
asunder, or by compression, to crush them, is proportional to the 
sectional area of the solid. The measure, therelore, of the re- 
sistance offered by a solid to rupture, in either of these cases, is 
that force which will ruptufe a sectional area of tlie solid repre 
sented by unity. 

277. From experiments made to ascertain the circumstances 
of rupture by a tensile force, it appears that the solid torn apart 
exhibits a surface of fracture more or less even, according to tlie 
nature of the material. 

278. Most of the experiments on the resistance to rupture 
by compression, have been made on small cubical blocks, and 
have given a measure of this resistance greater than can be de- 
pended upon in practical applications, when the height of the 
sohd exceeds three times the radius of its base. This point has 
been very fully elucidated in the experiments of Mr. Hodg- 
kinson upon the rupture by compression of solids with circular 
and rectangular bases. These experiments go to prove, that the 
circumstances of rupture, and the resistance offered by the solid, 
vary in a constant manner with its height, tlie base remaining the 
same. In columns of cast iron, with circular sectional areas, it 
was found that the resistance remained constant for a height less 
than three times the radius of the base ; that, from this height to 
one equal to six times the radius of the base, the resistance still 
remained constant, but was less than in the former case ; an<i 
that, for any height greater than six times the radius of the base, 
the resistance dcci;eased with the height. In the two first cases 
the solids were found to yield either by tlie upper portion sliding 
flff upon tlie lower, in the direction of a plane making a constaii 
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anffle with the axis of the solid ; or else by separatuig in.o com 
cat, or wedge-shaped blocks, having the upper and louver siufacei 
of the solid as their bases, the angle at the apex being double tha* 
made by the plane and axis of the solid. With regard to die re- 
sistances, it was found that they varied in the ratio of the area of 
the bases of the soli is. Where the hei^t of the solid was greate/ 
than six times the radius of the base, rupture generally took place 
by bending. 

279. From experiments by Mr. Hodgkinson, on wood and 
other substances, it would appear that like circumstances accom- 
pany the rupture of all materials by compression ; that is, within 
certain limits, they all yield by an oblique surface of fracture, the 
angle of which with the axis of the solid is constant for the same 
material ; and that the resistances offered within these limits are 
proportional to the areas of the bases. 

280. Among tlie most interesting deductions drawn by Mr 
Hodgkinson, from the wide range of his experiments upon the 
strength of materials, is the one which points to the existence 
of a constant relation between the resistances offered by materials 
of the same kind to rupture from compression, tension, and a 
transverse strain. The foUowinff Table gives these relations, 
assuming the measure of the crushing force at 1000. 
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Timber . . . . 
Cast iron .... 

Stone 

I Glass, (plate and crown) 



Crashing fbroe per 
•quara Inch. 



1000 
1000 
1000 
1000 



Mean tentile 
per aqoare inch. 



force Mean 



1900 
158 
100 
123 



tnuurene foree 
of a bar I inch sqaare 
and 1 foot long. 



85.1 

19.8 
9.8 
10 



281. Strength of Stone. The marked difference in the 
structure, and in the proportions of the component elements fire- 
quently observed in stone from the same quarry, would lead to 
the conclusion that corresponding variations would be found in 
the strength of stones belonfipng to the same class ; a conclusion 
which experiment has conmmed. The experiments made by 
different individuals on this subject, from not having been con- 
ducted in the same manner, and from the omission in most cases 
of details respecting the structure and component elements of the 
materia, trica, have, in some instances, led to contradictory re 
suits. A few facts, however, of a general character have been 
ascertained, which may serve as guides in ordinary cases ; bu 
in important structures, where heavy pressures are to be sus* 
tainea, direct experiment is the only safe course for the engineer 
to follow, in selecting a material from untried quarries. 
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282. Owing to the ease with which stones generallv break 
under a percussive force, and from the comparatively slight re- 
sistance they offer to a tensile force, and to a transverse strain, 
they are seldom submitted in structures to any other strain than 
one of compression ; and cases but rarely occur where this strain 
is not greatly beneath that which the better class of building 
stones can sustain permanently, without undergoing any change 
in their physical properties. Where the durabUity of the stone, 
therefore, is well ascertained, it may be safely used without a re 
sort to any specific experiment upon its strength, whenever, in 
its structure and general appearance, it resembles a material of 
the same class known to be good. 

283. The following Table exhibits the principal results of ex- 
periments made by Mr. G. Rennie, and pubUshed in the PkUo* 
sophical Transactions of ISIS. The stones tried were in small 
cubes, measuring one and a half inches on the edge. The table 
gives the pressure, in tons, borne by each superficial inch of the 
stone at the moment of crushing. 



BMCBimoM or ncjm. 


Spec gravity. 


Cnwliinffw*|lit 


Oranites, 






Aberdeen, {lUue) ...••• 

Peterhead 

Cornwall ••••.•• 


2.6S6 
2.663 


4.83 
3.70 
2.83 


Sandstones. 




Dundee 

Do. 

Derby, (red and friable) .... 


2.530 
2.506 
2.316 


2.96 
2.70 
1.40 


Lime-stones. 






Marble, (white-veined Italian) 

Do. {white Brabant) .... 
Limerick, {black compact) .... 
DeTonehire, (red fjMrbU) .... 
Portland atone, (fine-grained oolite) 


2.726 
2.697 
2.598 

2.428 


4.32 
4.11 
3.95 
3.31 
2.04 



The following results are taken from a series of experiments 
made under the direction of Messrs. Bramah & Sons, and pub- 
lished in Vol. 1, Transactions of the Institution of Civil En* 
gineers. The first column of numbers ^ves the weights, in tons, 
borne by each superficial inch when the stones commenced to 
fracture'; the second column gives the crushing weight, ir ton% 
rn the same surface. 
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VMOumoM Of from. 



OranUes 

Herme • • 
Aberdeen, (^tie) 
Heytor . 
Dartmoor 
Peterhead, (red) 
Peterhead, (blue gray) 



Smid^t&ne$, 



Yorkshire 
Craigleith 
Humbie 
Whitby . 



Aver, weight pio- 
doclnf metnrM. 



4.77 
4.13 
8.94 
8.52 

2.88 
2.86 



2.87 
1.89 
1.69 
1.00 



weight. 



6.64 
4.64 
6.19 
5.48 
4.0o 
136 



8.94 
2.97 
2.06 
1.06 



The following Table is taken from one published in Vol. 2, 
Civil Engineer and Architect's Journal^ which forms a part of 
the Report on the subject of selecting stone for the New Houses 
of Parliaihent. The specimens submitted to experiment were 
cubical blocks measuring two inches on an edge. 



DBicRimoii or aTONS. 


SpecUie gravity. 


Weight produ- 
cing fincture. 


CrntUng w*ght 


Sandstones* 








Craigleith . . 

Darley Dale • • • . 

Heddon 

Kenton 

Mansfield .... 


2.232 
2.628 
2.229 
2.247 
2.338 


1.89 
2.75 
0.82 
1.51 
0.88 


8.5 

3.1 

1.75 

2.21 

1.64 


Magnesian Lune-slanes. 








BolsoTor 

Huddlestone . . 
Roach Abbey . • • • 
Park Nook .... 


2.316 
2.147 
2.134 
2.138 


2.21 
1.03 
0.75 
0.32 


8.75 
1.92 
1.73 
1.92 


Oolites. 




• 




Ancaater ... 

Bath Box. . . . \ 

Portland 

Ketton 


2.182 
1.839 
2.145 
2.045 


0.75 
0.56 
0.95 
0.69 


1.04 
0.66 
1.75 
1.18 


Lune-stones. 






1 


Barnack 

Chilmark, (si.iciaus) 

Hamhill 


2.090 
2.481 
2.260 


0.50 
1.32 
0.69 


0.79 
3.19 
1.80 

* 



The numbers of the first colunm give the specific gravit es 
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those in the second column the weight in tons on a sq tare bch, 
when the stone commenced to fracture ; and those in the third 
the crushing weight on a snnare inch. 

The foDowing Table exit: is the results of experiments on the 
resistance of stone to a transverse strain^ made by Colonel Pasley, 
on prisms 4 inches long, the cross section being a square of 2 
inches on a side; the distance between the points of support 
3 inches. 



« 

DBSCHimOlf OP tTOMB. 


Weight of ttone 
per cubic foot 
in lbs. 


Aveni^ breaking 
weight in Ibe. 


1. Kentiah Raff 

3. Yorkahire landing 

3. Corniah granite • 

4. Portland 

5. Craigleith • 

6. Bath • • • « 

7. Well-bnmed bricka 

8. Inferior bricks • , 




• • 

■ • 

• • 

• • 


165.69 
147.67 
173.34 
148.08 
144.47 
133.58 
91.71 


4581 

8887> 

3808 

3683 

1806 

666 

763 

339 



284. The conductors of the experiments on the stone for the 
New Houses of Parliament, Messrs. Daniell and Wheatstone, 
who also made a chemical analysis of the stones, and appUed to 
them Brard's process for testing their resistance to frost, have 
appended the following conclusions from their experiments : — 
'' If the stones be divided into classes, according to their chemical 
composition, it will be found that in all stones of the same class 
there exists generally a close relation between their various phy- 
sical qualities. Thus it will be observed that ttie specimen wiiich 
has the greatest specific gravity possesses the greatest cohesive 
strength, absorbs the least quantity of water, and disintegrates 
the least by the process which imitates the effects of weather. 
.1 comparison of all the experiments shows this to be the general 
rule, though it is liable to mdividual exceptions." 

'' But this will not enable us to compare stones of different 
classes togetlier. The sand-stones absorb the least quantity of 
water, but they disinte^ate more than the magnesian lime-stones, 
which, considering their compactness, absorb a great deal." 

285. Rondelet, from a numerous series of e^meriments on the 
same subject, published in his work. Art de BAtir, has arrived 
at like conclusions with regard to the relations between the 
specific gravity and strength of stones belonging to the same 
dass. 

286. Among the results of the more recent experiments on this 
subject, those obtained by Mr. Hodgkinson, showing the relatioK 

10* 
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between the crushinff, the tensile, and the transverse strength of 
stone, have already been given. 

M. Vicat, in a memoir on the same subject, pubUshed in the 
Annales des Fonts et Chauss^es^ 1833, has arrived at an opposite 
conclusion from Mr. Hodgkinson, stating, as the results of his 
experiments, that no constant relation exists. between the crush- 
ing and tensile strength of stone in general, and that there is no 
other means of determining these two forces, but by direct ex- 
periment in each case. 

287. The influence of form on the strength of stone, and the 
circumstances attending the rupture of hard and soft stones, have 
been made the subject of particular experiments by Rondelet and 
Vicat. Their experiments agree in establishing the points that 
the crushing weight is in proportion to the area ot the base. 
Vicat states, more generally, that the pennanent weights borne 
by similar solids oi stone, under like circumstances, will be as 
the squares of their homologous sides. These two authors agree 
on the point that the circular form of the base is the most favor- 
able to sti-ength. They differ on most other points, and particu- 
larly on the manner in which the dijSerent kinds of stone yield by 
rupture. 

288. Practical Deductions, Were stones placed under the 
same circumstances in structures as in the experiments made to 
ascertain their strength, there would be no difficulty in assigning 
what fractional part of the weight which, in the comparatively 
short period usually given to an experiment, will crush them, 
could be borne by mem permanently with safety. But, in- 
dependently of .the accidental causes of destruction to which 
structures are exposed, imperfections in the material itself, as 
well as careless workmanship, from which it is often placed 
in the most unfavorable circumstances of resistance, require to 
be guarded against. M Vicat, in the memoir before-mentioned, 
states that a permanent strain of yVr of the crushing force of ex- 
periment, may be borne by stone without danger of impairing it? 
cohesive strength, provided it be placed under the most favorable 
circumstances of resistance. This fraction of the crashing weight 
of experiment is greater than ordinary circumstances would jus- 
tify, and it is recommended in practice not to submit any stone 
'o a greater permanent strain than one tenth of the crushing weight 
of experiments made on small cubes measuring about two inches 
on an edge. 

The following Table shows the permanent strain, and crushing 
weiffht, for a square foot of the stones in some of the most re 
markable structures in Europe. 
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PpnoftMn 


Cntshing 




ktrain. 


weight. 


Pillart of the dome of St. Peter's, (Rome) 


33330 


630000 


Do. St. Paul>, (London) 


39450 


637000 


Do, St. Genevi^Te, (Paris) 


60000 


456000 


^ Bo. ChuTch o( TovMstAfkir (Angers) . 


00000 


900000 


Lower courses of the piers of the Bridge of Neuilly 


3000 


670000 



The stone employed in all the structures enumerated in the 
Table, is some variety of lime-stone. 

289. Expansion of Stone from Heat, Experiments have been 
made in tms country by Prof. Bartlett, and in England by Mr. 
Adie, to ascertain the expansion of stone for every degree of 
Falurenlieit. The experiments of Prof. Bartlett give the foUove- 
ing results : 



Granite expands for every degree 
Marble *' " 

Sand-stone *' *' 



.000004895 
.000005668 
.000009532 



Table of the Expansion of Stone, ^c^from the Experiments oj 
Alexander J, Adie^Civil Engineer, Edinburgh, 



DMCRimOH or ITOXS. 



1. RooHui cement . . 
9. Bicillan white marble 

3. Camn marble 



4. Sand-stone, (Oniiglntk) 
& Slate, (ITtfek) . . . 

6. Bed granite, (P<<0r*Mi) \ 

7. Arbroath paTement 
a Gaithneas pavement 

9. Green-sicme, (A«a«> . 

10. Gray gnuite, (jaberdMn) 

11. Bent Slock brick . . 
18. Flro brick .... 
13. Black marble, (Ga/vaif) 



Decimal or an 
inch en SB 
inebM for 

180* r. 



.0330043 
J0335303 
.0353946 
.0-274344 
.0150405 
.0370083 
JQ3386S0 
.0330410 
.0306360 

joao&m 

.0305788 

.0186043 

J01815G05 

.0136543 

U)113334 



Dtdmal 

rth 

I80'r 



.0014349 

.0014147 

JOOI 10411 

.0011938 

.0000539 

U)0I1743 

ilOlOaTtt 

.0000583 

.0008908 

joooeoes 

J)009947 

.0008080 

.00078043 

.0005503 

.0004038 

.00044510 



OMiaal of 
Icnfth ibr 



.00000750 
.00000780 

jonooo6i3 

.000006G3 
.00000083 

.00000653 
.00000576 
.00000533 
.00000408 
.OOOOfHftO 
.00000407 
.00000449 
.00000438 
.00000306 
.00000974 
.00000347 



One experiment (mgitU) 
Mean of three, (^,) 
One experiment, (hmmC) 
Mean of two, (irg.) 
Mean of four expeiimenti. 
Mean of three do. 
( One oxperiraant, (momI.) 
) Mean of two, {drf.) 
Mean of foor eaperiments 
Mean of three do. 
Mean of three do 
Mean of two do. 
Mean of two do. 
Mean of two do. 
Mean of three do. 



290. Strsnoth of Mortars. A very wide range of experi- 
ments has been made, within a few years back, by engineers both 
at home and abroad, upon the resistance offered by mortars to a 
transversal strain, with a view to compare their qualities, both as 
regards their constituent elements ana the processes followed in 
their manipulation. As might naturally have been anticipated 
these experiments have presented very diversified, and, in many 
iQstaQces, contradictory results. The general conclusions, how* 
trer, drawn from them, have been nearly the same in the majority 



. 170 


[)oand8 


. 140 


<( 


. 100 


«( 


40 


tc 


10 


(C 
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of cases; and they furnish the engineer with the most T3liabk 
guides in this important branch of his art. 

291. The usual method of conducting these experiments has 
been to subject small rectangular prisms of mortar, resting on 
points of support at their extremities, to a transversal strain ap- 
plied at the centre point between the bearincs. This, perhaps, 
IS as unexceptionable and convenient a method as can be followed 
for testing the comparative strength of mortars. 

292. M. Yicat, in the work already cited, gives the following 
as the average resistances on tlie square inch offered by mortars 
to a force of traction ; the deductions being drawn from experi- 
ments on the resistance to a transversal strain. 

Mortars of very strong hydraulic lime 
** ordinary do. 

*' medium do. 

" common lime 

'* do. (bad quality) 

These experiments were made upon prisms a year old, which 
had been exposed to the ordinary changes of weather. With re- 
gard to the best hydrauUc mortars of the same age which had 
been, during that same period, either immersed in water, or 
buried in a damp position, M. Vicat states that their average 
tenacity may be estimated at 140 pounds on the square inch. 

293. General Treussart, in his work on hydraulic and common 
mortars, has given in detail a large number of experiments on the 
transversal strength of artificial hydraulic mortars, made by sub- 
mitting small rectangular parallelepipeds of mortar six incnes in 
length, and two inches square, to a transversal strain applied at 
the centre point between the bearings, which were four inches 
apart. From these experiments he deduces the following prac- 
tical conclusions. 

That when the parallelepipeds sustain a transversal strain vary- 
ing between 220 and 330 pounds, the corresponding mortar will 
be suitable for common gross masonry ; but that for i&iportant 
hydrauUc works the paraUelopipeds should sustain, before yield 
ing, from 330 to 440 pounds. 

294. The only published experiments on this subject made in 
this country are those of Colonel Totten, appended to his transla- 
tion of General Treussart's work. The results of these experi- 
ments are of peculiar value to the American engineer, as they 
were made upon materials* in very general use on the public 
works throughout the country. 

From these experiments Colonel Totten deduces the follovtring 
general results : 

1st. That mortar of hydraulic cement and sand is the ftrongei 
and harder as the quantity of sand is lest. 
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2d. That common mortar is the stror^er and harder as the 
quantity of sand is less. 

3d. That any addition of common lime to a mortar of hydraulic 
cement and sand weakens the mortar^ but that a little lime may 
be added without any considerable diminution of the strength o!" 
the mortar, and with a saving of expense. 

4th. The strength of common mortars is considerably improved 
by the addition oi an artificial puzzolana, but more so by the ad 
dition of an hydraulic cement. 

5th. Fine sand generally gives a stronger mortar than coarse 
sand. 

6th. Lime slaked by sprinkling gave better results than lime 
slaked by drowning. A few experiments made on air-slaked hm^ 
were uniavorable to that mode of slaking. 

7th. Both hydraulic and common mortar yielded better results 
when made with a small quantity of water than when made thin. 

8th. Mortar made in the mortar-mill was found to be superior 
to that mixed in the usual way with a hoe. 

9th. Fresh water gave better results than salt water. 

295. Strength of Concrete and Beton. From experiments 
made on concrete, prepared according to the most approved pro 
cess in England, by Colonel Pasley, it appears that tnis material 
is very inferior in strengtii to good brick, and the weaker kinds 
of natural stones. 

From experiments made by Colonel Totten on beton, the fol- 
lowing conclusions are drawn : n 

That beton made of a mortar composed of hydraulic cement 
common lime, and sand, or of a mortar of hydrauUc cement and 
sand, without Ume, was the stronger as the quantity of sand was 
the smaller. But there may be 0.50 of sand, and 0.25 of com- 
mon Ume, without sensible deterioration ; and as much as 1.00 of 
sand, and 0.25 of lime, without great loss of strength. 

Beton made with just sufficient mortar to fill the void spaces 
between the fragments of stone was found to be less strong than 
that made with double this bulk of mortar. But Colonel Totten 
remarks, that this result is perhaps attributable to tlie difficulty 
of causing so small a quantity of mortar to penetrate the voids, 
and unite all the fragments perfectly, i^ experiments made on a 
small scale. 

The strongest beton was obtained by using quite small frag- 
ments of brick, and the weakest from small, rounded, stone gravel. 

A beton formed by pourina grout among fragments of stone, oi 
brick, was inferior in strengUi to that made in the usual way with 
xiortar 

Comparing the strength of the betons on which the expen* 
ments were made, which were eight months old when triedi with 
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that of a sample of sound red sand st<Hie of good qudity, h ap 
pears that the strongest prisms of bcton vsere only half as stton^ 
as tlie sand-stone. 

296. Strength of Timber. A wide range of experimentt 
has been made on die resistance of timber to compression, ex- 
tension, and a transverse strain, presenting very variable results 
Among the most recent, and which command the greatest confi* 
dence from the ability of their authors, are those of Professor 
Barlow and Mr. Hodgkinson : the former on the resistance to 
extension and a transverse strain; the latter on that to com- 
pression. 

297. Resistance to Extension. The following Table exhibits 
the specific gravity, and the mean resistance per square inch of 
various kinds of timber, from the experiments of Prof. Barlow. 



iMi«<mimoN or nmiB. 



Ash, (English) . 
Beech, do. 
Box . 

Deal, (Christiana) 
Do. (Mem^ 
Elm . 

Fir, (Netc England) 
Do. {Riga) . 
Do. (Mar Forest) 
Larch, (Scotch) . 
Locust 
Mahogany . 
Norway spars 

Oak, (English) 

Do. (African) 
Do. lAdriatic) • 
Do. (Canadian . 
Do. ifiantzic) • 
Pear . 
Poon . 
Pine, (pitch) 
Do. (red) . 
Teak . 



) to 



from 



Sp6C. fMT. 



o.76r, 

0.700 
1.000 
C.680 
0.590 
0.540 
0.550 
0.750 
0.700 
0.540 
0.050 
0.637 
0.580 
0.700 
0.900 
0.980 
0.990 
0.873 
0.760 
0.646 
0.600 
0.660 
0.660 
0.750 



lAean •tiength oTj 
eohesloo per 
aqiwreiBCfi. • 



17000 
11500 
20000 
11000 
11000 

5780 
12000 
12600 
12000 

7000 
20580 

8000 
12000 

9000 
15000 
14400 
14000 
12000 
14500 

9800 
14000 
10500 
10000 
15000 



I 



298. But few direct experiments have been made upon the 
elongations of timber from a strain in the direction of the fibres 
From some made in France by MM. Minard and Desonries, it 
woXdd apj>ear that bars of oak- having a sectional area of one 
square i'lch, will be elongated .001 176 of their length by a strain 
01 on^ (on. 
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299 Resistance to Compression. The following Table ex 
hibitB the results obtained by Mr. Hodgkinson from experiments 
on short cylinders of timber with flat ends. The diameter o. 
each cylinder was one inch, and its height two inches. The re- 
sultSy in the first colrnnn, are a mean firom about three experiments 
on timber moderately dry, being such as is used for making 
models for castings ; those in the second colimm were obtained, 
in a like manner, from similar specimens, which were turned and 
kept dry in a warm place two months longer. A comparison of 
the results in the two columns, shows the effect of drymg on the 
strength of timber ; wet timber not having half the strength of 
the same when dry. The circumstances of rupture were the 
same as ahready stated in the general observations under this 
head ; the height of the wedge which would slide off in tim- 
ber being about half the diameter, or thickness of the specimen 
crushed. 



Alder 

Ash 

Baywood • • • • 
Beech • . • • 

Birch, (Ameriean) • • 

Do. (Er^iMh) . 
Cedar . • • • 

Crab 

Red deal . • • . 

White deal. 

Elder. .... 

Elm 

Fir, (spruee) ... 
Hornbeam . . • • 
Mahoffany . • . • 
(hk, (Quebec) . 
Do. (EngUsh) . 
Do. {Dantzic^ very dry) • 
Pine, (^itch) . • • 
Da {yelloWf fitU of turpentmi) 
Do. {red) .... 
Poplar 

Plum,(t9eO 
Do. {dry) 

Sycamore . • • . 

•reak 

Larch, (feUen two nMrnthe) . 

Walnot .... 

WiUow .... 



Bcrangth per wqaan inch 
In lbs. 



6831 
8683 
7518 
7733 
3397 
3297 
6674 
6499 
6748 
6781 
7451 

6499 
4533 
8198 
4231 
6484 

6790 
5375 
5395 
3107 
3654 
8241 
7082 

3301 
6063 
2898 



6960 
9363 
7518 

19363 

11663 
6402 
5863 
7148 
6586 
7293 
9973 

10331 
6819 
7289 
8198 
5982 

10058 
7731 
6790 
5445 
7518 
5124 

to 1049 

19101 
5568 
7297 
6128 



J 



SOO. Resistance of Square Pillars, Mr. Hodgkinsca has 
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made a number of invaluable experiments on the strenff ji ol 
pillars of timber, and of columns of iron and steel, and fiom 
them has deduced formulae for calculating the pressure which 
they will support before breaking. The experiments on timber 
were made on pillars with flat ends. The following are tlie for 
mulae from which their strength may be estimated. 

Calling the breaking weight in lbs. W. 

" the side of the square base in inches <2. 
*' the length of the pillar in feet /. 

Then for long columns of oak, in which the side of the squai 
base is less than -^i&L the height of the column ; 

W= 24542 ~. 

and for red deal, 

W^= 17511 y. 

For shorter pillars, where the ratio between their thickness and 
height is such that they still yield by bending, tlie strength is es« 
timated by the following formula : 

Calling the weight calculated from either of the preceding for* 
mulae, W. 

Calling the crushing weight, as estimated from the preceding 
Table, W. 

Calling the breaking weight in lbs., W, 

Then the formula for the strength is 

WW 
W+ iW 

In each of the preceding formula* d must be taken in inches, 
and I in feet. 

301. Resistance to Transverse Strains. As timber, from the 
purposes to which it is applied, is for the most part exposed to a 
transverse strain, the far greater number of experiments nave been 
made to ascertain the relations between the strain, the deflection 
caused by it, and the Unear dimensions of the piece subjected 
to the strain. These relations have* been made the subject of 
mathematical investigations, founded upon data derived from ex^ 
periment, which will be given in the Appendix. The following 
Table exhibiis the results of experiments made upon beams having 
a rectangular sectional area, which were laid norizontally upon 
supports at their ends, and subjected to a strain applied at tlie 
middle point between the supports, in a vertical direction. 

For a more convenient application of the formulse to the results 
of tlae experiments, the notation adopted in the preceding Art 
iviU be here given. 



STRENGTH OF MATERIALS. 



81 



CaJ the transverse force necessary to break th 3 beam in lbs., W 
" the distance between the supports in indies, /. 
" the horizontal breadth of the sectional area in inches, 6. 

the vertical depth " " " d. 

the deflection arising from a weight w in inches, y*. 

Table of Experiments with the foregoing Notation. 






f 

vncBJfTioif or woov. 


BpMifie 


"T 


Values 
of 


Value 
of 


Value 
of 


VahM 
of 


Value 
of 


Author! of ex. 




fntT. 


I. 

Incbei. 


b. 


(L 


/. 


to. 


w. 


pt^imenta. 






InebM. 


InebM. 


Ineh««. 


Ibt. 


lb*. 




' Oak, (Engiisk) . . . 
Do. (Canadian) . . 


.034 


» 


8 


3 


1.380 


300 


637 


Prof. Barlow. 


.878 


84 


8 


3 


1.080 


335 


673 


M 


Ploe, (^meriean) . • 


- 


84 


3 


3 


0.931 


150 


.. 


«4 


Oak, (English) . . . 


• 


30 


1 


1 


a5 


137 


- 


Tredgold. 


White sprnce, iCanadiam) 
White pine, (Jimeriean) . 


.465 


34 


1 


1 


0.5 


180 


885 


u 


.455 


85.3 


3.75 


5.55 


0.177 


777 


5189 


Ltent. Brown. 


Blank apnice, do. 


.490 


85.3 


8.75 


5.55 


0.177 


898 


5646 


u 


Soathern pine, do. 


.872 


85.3 


3.75 


5.54 


0.177 


1175 


9337 


M 



302. Resistance to Detrusion. From the experiments of Prof. 
Barlow, it appears that the resistance offered by the lateral adhe 
sion of the fibres of fir, to a force acting in a direction parallel to 
the fibres, may be estimated' a^ 592 lbs. per square inch. 

Mr. Tredgold gives the following as the results of experiments 
on the resistance ofiered by adhesion to a force applied perpen- 
dicularly to the fibres to tear them asunder. 



Oak . • 2316 lbs. per square inch. 
Poplar . . 1782 " " 

Larch, 970 to 1700 " " 



303. Strength op Cast Iron. The most recent experiments 
on the strength of this material are those of Mr. Hodgkinson. 
Those, particularly, made by him on the subject of tlie strength 
of columns, and the most suitable form of cast-iron beams to sus 
tain a transversal strain, have supplied the engineer and architect 
with the most valuable guide in adapting this material to the 
various purposes of structures. 

304. Resistance to Extension. From a few experiments made 
by Mr. Rennie and Captain Brown, the tensile strength of cast 
iron varies from 7 to 9 tons per square inch. 

The experiments of Mr. Hodgkinson upon both hot and cold 
blast iron give the tensile strength from 6 to 9| tons per square 
inch. 

From some experiments made on American cast iron, undei 
the direction of the Franklin Institute, the mean tensile strength 
18 20834 lbs., or 9^ tons per square inch. 

305. Resistance to Compression. The general circiunstances 
mtiending the rupture of this material by compression, drawn irow 

11 



62 



BUILDING MATERIALS. 



he expciinients of Mr. Hodgkinson, have already been giTen 
The angle of the wedge resulting from the rupture is about 55®. 

The mean crushing weight derived from experiments upor 
short cylinders of hot blast iron was 121,685 lbs., or 54 tons 6| 
cwt. per square indi. 

That on short prisms of the same, with square biases, 100,738 
lbs., or 44 tons 19| cwt. per square inch 

That on short cylinders of cold blast iron was 125,403 lbs., oi 
65 tons 19i cwt. per square inch. 

That on short prisms of the same, having other regular figures 
for their bases, was 100,631 lbs., or 44 tons 18^ cwt. per square 
inch. , 

Mr. Hodgkinson remarks with respect to the forms of base 
differing from the circle : " In the other forms the difference of 
strength is but little ; and therefore we may perhaps admit that 
difference of form of section has no influence upon the power of 
a short prism to bear a crushing force." 

In remarking on the circumstances attending the rupture, Mr. 
Hodgkinson farther observes ; " We may assume, therefore, 
without assignable error, that in the crushing of short iron prisras 
of various forms, longer than the wedge, the angle of fracture will 
be the same. This simple assumption, if admitted, would prove 
at once, not only in this material, but in others which break in the 
same manner, the proportionality of the crushing force in different 
forms to the area ; since the area of fracture would always be 
equal to the direct transverse area multiplied by a constant quan« 
tity dependent upon tlie material." 

Table exhibiting the Ratio of the Tensile to the Compressive 
Forces in Cast IroTiyfrom Mr. Hodgkinson! s Experiments. 



siscaipnoH or mstal. 


Compresstve force 
per square inch. 


Tensile force per 
square inch. 


Ratio. 


Devon iron, 


No. 3. Hot blast 


145,435 


21,907 


6.638 : I 


Buffery iron, 


No. 1. Hot blast 


86,397 


13,434 


6.431 : 




Do. 


" Cold blast 


03,385 


17,466 


5.346 : 




Coed-Taleniron,No.2. Hot blast 


82,734 


16,676 


4.961 




Do. 


" Cold blast 


81,770 


18,855 


4.337 . 




Carrun iron. 


No. 2. Hot blast 


108,540 


13,505 


8.037 . 




Do. 


" Cold blast 


106,375 


16,683 


6.376 : 




Carron iron. 


No. 3. Hot blast 


133,440 


17,755 


7.615 




Do. 


" Cold blast 


115,442 


14,200 


8.129 : 





306. Resistance of Cylindrical Columns. The experiments 
mider this head were made upon solid and hollow columns, both 
ends of which were eitRer flat or rounded, fixed or loose, or one 
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end flat and the other rounded. In the case of columis with 
rounded ends, the pressure was applied in the direction of the 
axis of the column. 

The following extracts are made from Mr. Hodgkinson's paper 
on Uiis subject, pubUshed in the Report oftlie Bi^tish Association 
oflMO, 

^ 1st. In all long pillars of the same dimensions, the resistance 
tO crushing by flexure is about three times greater when the ends 
of the pillars are flat, than when they are rounded. 

" 2a. The strength of a pillar, with one end rounded and the 
other flat, is the arithmetical mean between that of a pillar of the 
same dimensions with both ends romid*, and one witn both ends 
flat. Thus, of three cylindrical pillars, all of tlie same length 
vid diameter, the first liaving both its ends rounded, the second 
with one end rounded and one flat, and the third with both ends 
flat, the strengths are as 1, 2, 3, nearly. 

"3d. A long, uniform, cast-iron pillar, with its ends firmly 
fixed, whetiier by means of discs or otherwise, has the same 
power to resist breaking as a pillar of the same diameter, and 
half the length, with the ends rounded or turned so that the force 
would pass through the axis. • 

" 4tn. The experiments show that some additional strength is 
given to a pillar by enlarging its diameter in the middle part ; this 
increase does not, however, appear to be more than one seventh, 
or one eighth of the breaking weight. 

" 6th. The index of the power of the diameter to which the 
strength of long pillars with rounded ends is proportional, is 3.76 
nearly, and 3.55 in those with flat ends, as appeared from the re- 
sults of a great number of experiments ; or the strength of both 
may be taken as the 3.6 power of the diameter nearly. 

" 6th. In pillars of the same thickness, the strength is inversely 
proportional to the 1 .7 power of the length nearly. 

'* Thus the strength of a solid pillar with rounded ends, tlie 

diameter of which is rf, and the length /, is as -^." 

" The absolute strength of solid pillars, as appearerl firom the 
experiments, are nearly as below. 
In pillars with rounded ends. 

Strength in tons = 14.9 -^. 

xo pillars with flat ends, 

Strength in tons = 44.16 ^. 

In hollow pillars nearly the same laws were found to obtain 
thus, if D and d be the external and internal diameters of a piUar 
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whose length is Z, tJie strength of a hollow cylinder of which the 
unds were moveable (as in the connecting roa of a steam-engine) 
would be expressed by tlie formula below. 

Strength in tons = 13 j^-ij . 

In hollow pillars, whose ends axe flat, we had from experimea 
as before, 

Strength in tons = 44.3 j^ 

The formulae above apply to all pillars whose length is not 
less than about thirty times the external diameter; for pillars 
shorter than this, it is necessary to have recourse to the ' for- 
mula,' given under the head of Strength op Timber, for short 
pillars of timber, substituting for W and W in that formula, the 
proper values applicable to cast iron." 

307. Similar Pillars. "In similar pillars, or those whose 
length is to the diameter in a constant proportion, the strength is 
nearly as the square of the diameter, or of any other linear di- 
mension ; or, in other words, the strength is nearly as the area 
of the transverse section." 

" In hollow pillars, of greater diameter at one end than the 
other, or in the middle than at the ends, it was not found that 
any additional strength was obtained over that of cylindrical 
pillars." 

" The strength of a pillar, in the form of the connecting rod of 
a steam-engine," (that is, the transverse section presenting the 
figure of a cross +,) " was found to be very small, perhaps not 
half the strength that the same metal would have given if cast in 
the form of a uniform hollow cylinder." 

" A pillar irregularly fixed, so that the pressure would be in 
the direction of the diagonal, is reduced to one third of its strength. 
Pillars fixed at one end and moveable at the otlier, as in those flat 
at one end and rounded at the other, break at one third the length 
from the moveable end ; therefore, to economize the metal, tliey 
should be rendered stronger there than in other parts." 

308. Long-Continued Pressure on Pillars. " To determine 
the eflect of a load lying constantly on a pillar, Mr. Fairbairn had, 
at the writer's suggestion, four pillars cast, all of the same length 
and diameter. The first was loaded with 4 cwt., the second 
with 7 cwt., the third with 10 cwt., and the fourth with 13 cwt. ; 
this last load was yV^ of what had previously broken a pillar of 
the same dimensions, when the weight was carefully laid on witli- 
?ut loss of time. The pillar loaded with 1 3 cwt. bore the weight 
between five and six months, and then broke." 

309. General Properties of Pillars. " In pillars of wrought 
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iron, steel, and timber, the same laws, with respect to rounded 
and flat ends, were foimd to obtain, as had been shown to exist 
in cast iron." 

" Of rectangular pillars of timber, it was proved experimental 
y that the pillar of greatest strength of the same material is a 
square." 

HIO. Comparative Strengths of Cast Iron, Wrought Iron, 
Steel, and Timber. 

" It resulted from the experiments upon pillars of the same 
limensions but of difierent materials, that if we call the strength 
jf cast iron 1000, we shall have for wrought iron 1745, cast stee. 
2518, Dantzic oak 108.8, red deal 78.5.'^ 

311. Resistanceto Transverse Strains, The following Tables 
and deductions are drawn from the experiments of Messrs. Hodg- 
kinson and Fairbairn, on hot and cold blast iron, as published in 
their Reports to the British Association in 1837. 

Tctble exhibiting the results of experiments hy Mr. Hodgkinson 
on bars of hot blast iron 5 feet long, with a rectangular sec- 
tional area ; the bars resting horizontally on props 4 feet 6 
inches apart ; the weight being applied at the middle of the 
bar. 



ElPBRIXSMT 1. 


ElPKKIMBlIT 13. 


ExpsamcNT 14 




Rectangular bar, 

IM inch broad, 

IjOO *' deep. 

Weight of bar, 15 lbs. 9 OS. 


Rectangular bar, 
1.03 inches broad, 
9M •* deep. 


Rectangular bar, 
1.02 Inches bnmd, 
4.08 ** deep. 
Weight 78 Ibd. 




.9 


Deflection In 
inches. 


Set, or deflec- 
tion when 
nnloaded. 


S 

Si 


Deflection In 
inches. 


1 

1 


Weight in 
lbs. 


Deflection in 
inches. 


Set in inches. 


16 


.037 


visible 


1474 


_ 


.001 


5867 


.127 




«• 


23 


.052 


incKased 


1605 


.130 


.003 


6798 


.153 




.01 


30 


.070 


.0011 


1866 


.156 


.006 


7730 


.177 




-. 


56 


.132 


.002 


2126 


.185 


.010 


8661 


.207 




— 


112 


.271 


.008 


2388 


.212 


.012 


9593 


.236 




— 


2^4 


.588 


.037 


2649 


.243 


.017 


10524 


.276 




.03 


336 


.940 


.087 


2910 


.272 


.022 


1J087 


broke 




» 


448 


1.360 


.181 


3172 


.307 


.030 


— 


-> 




— 


469 


broke 


— 


3433 


.340 


.038 


•~ 


— 




— 


. 


-m 


3694 


.378 


.050 


— 


— 




— 


— — 


- 


3956 


broke 


— 


1 




— 


tlttDite deflection 
1.444 incbaa. 


Ultimate deflection 
.416 Inch. 


Ultinate delleetioi 
iKIUiBcta. 


i 
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Results of experiments, by the same, on the transverse strength of 
cold blast iron ; length of bars, and distance between thepoinU 
of support the same as in the precedi.tg Table. 



ExrasiMMT 1 


ExmiMEMT IS. 


ExpBRiMBirr li. 1 


Sectnnf Diar iMr, 
LOa.*) inch deep, 
LOOS " broad. 
Weight, 15 lbs. 6 oc. 


Rectangalar liar, 

3.00 inches deep, 

1.02 " broad. 

Weight, 46 lbs. 8 ox. 


ftectangnlar bar, 
4.d8 inches deep, 
103 ** broad 

Weight, 78 lbs. 




Deflection in 
inches. 


Bet in 
inches. 


Weight in 
lbs. 


Deflection in 
inches. 


Set in 
inches. 



li 

r 


Deflection in 
inches. 


Set in 
Inebes. 


16 


.033 


visible 


1082 


.091 


.003 


4936 


.110 


.013 ! 


30 


.062 


increaaed 


1343 


.111 


.006 


5867 


.130 


- 1 
1 


56 


.120 


.002 


1605 


.138 


.008 


6798 


.153 


.020 


112 


.240 


.007 


1366 


.164 


.010 


7730 


.179 


.025 


168 


.370 


.014 


2126 


.190 


.012 


8662 


.195 


-. 


234 


.610 


.028 


«J88 


.220 


.015 


9593 


.219 


.034 


280 


.649 


.041 


2649 


.250 


.019 


10525 


.250 


.042 


336 


.798 


.061 


2910 


.281 


.026 


10588 


broke 


— 


302 


.953 


.084 


3172 


.310 


.031 


— 


— 


. 


448 


1.120 


.120 


3433 


.345 


.037 


— 


.-. 


• 


504 


1.310 


.170 


3694 


.378 


.046 


— 


.- 


— 


514 


it bore 


— 


3825 


broke 


— 


— 


.- 




518 


bruke 


— 


— 


— 


— 


— 


— 


- 


Ultimate deflection 
IM inch. 


Ultimate deflection 
0.305 inch. 


Ultimate deflection 
0.S58. 

• 



312. The foUowiiig remarks are. extracted from the same Re 
port : " I had remarked, in some of the experiments, that the 
elasticity of the bars was injured much eariier than is generally 
conceived ; and that instead of its remaining perfect till one third, 
or upwards, of the breaking weight was laid on, as is generally 
admitted by writers, it was evident that ^ih, or less, produced in 
some cases a considerable set or defect ot elasticity ; and judging 
from its slow increase afterwards, I was persuaded that it had not 
come on by a sudden change, but had existed, though in a less 
degree, from a very early period." 

" From what has been stated above, deduced from experiments 
made with great care, it is evident that the maxim of loading 
bodies within the elastic limit, has no foundation in nature ; but 
^t will be considered as a compensating fact, tliat materials will 
bear for an indefinite period a much greater load tlian has hitljerto 
oeen conceived." 

313. "We may admit," from tlie mean results, "that die 
Btrengtb of rectangular bars is as the square of the depth." 
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314. Effects of time upon the deflections caused hi a penna* 
nent load on the middle of horizontal bars. 

The following Table exhibits the results of Mr. Fairl aim's ex- 
periments on this point. The experiments were made on bars 
5 feet long, 1 .05 inch deep ; the one of cold blast iron, 1 .03 inch 
oroad; the other of hot blast, 1.01 broad; distance between the 
points of support 4 feet 6 inches. The constant ^weight sus- 
pended at the centre o*" the bars was 280 lbs This weight re 
mained on from March 11th, 1837, to June 2od, 1838. 



€kAd blast iron. 
Deflection in 
tnches. 


Date of observatioa. 


Temp. 


Hot blast iron. 
Deflection in 
inches. 


Katio of increase of 
deflections. 


.930 
.963 


March lllh, 1837, 
June 23d, 1838, 


78' 


1.064 
1.107 


— 


.033 

- 


Increase, 




.043 


1000 : 1303 



315. Mr. Fairbaim in his Report remarks on the above and 
like results : " The hot blast bar in these experiments being more 
deflected than the cold blast, indicates that the particles are more 
extended and compressed in the former iron, with the same 
weight, than in the latter. This excess of deflection may in some 
degree account for the rapidity of increase, which itwill be observed 
is considerably greater in the hot than in the cold blast bar." 

" It appears irom the present state of the bars, (which indicate 
a slow but progressive increase in the deflections,) that we must 
at some period arrive at a point beyond their bearing powers ; or 
otherwise to that position which indicates a correct adjustment 
of the particles in equilibrium with the load. Which oi the two 
points we have in this instance attained is difficult to determine * 
sufficient data, however, are adduced to show that the weights 
are considerably beyond the elastic limit, and that cast iron wiL 
support loads to an extent beyond what has usually been consid- 
ered safe, or beyond that point where a pennanent set takes place." 

316. Effects of Temperature. Mr. Fairbaim remarks : " The 
mfusion of heat into a metallic substance may render it more 
ductile, and probably less rigid in its nature ; and I apprehend it 
will be found weaker, and less secure under the effects of heavy 
strain. This is observable to a considerable extent in the expen- 
ments" on transverse strength "ranging from 26" up to 1 90° Fahr." 

• The cold blast at 26° and 190*», is in strength as 874 : 743, 
The hot blast at 26" and 190", is in strencth as 81 1 : 731, 
ondjig a diminution ir strength as 100 : 85 for tlie cold blast, and 
100 to 90 for the hot blast, or 15 per cent, loss of strength in the 
eold blast, and 10 per cent, in the hot blast." 

*' A number of the experiments made on No. 3 iron have ^vec 
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extraordinary and not unfrequently unexpected results. Geaex 
ally speaking, it is an iron ot an irregular character, and presents 
less uniformity in its texture than eimer the first or second quali* 
ties ; in other respects it is more retentive, and is often used for 
giving strength and tenacity to the finer metals." 

'* At 212** we have in the No. 3 a much greater weight bus* 
tained than what is indicated by the No. 2 at 190° ; and at 600" 
there appears in both hot and cold blast the anomaly of increased 
strength as the temperature is advanced from boiling water to 
melted lead, arising irom the greater strength of the No. 3 iron.' 

317. Influence of Form in Cast Iron upon the Transverse 
Strength of Beams. Upon no point, respecting the strength of 
cast iron, have the experiments of Mr. Hodgkinson led to more 
valuable results to the engineer and architect, than upon the one 
under this head. The following Tables give the results of experi- 
ments on bars of a uniform cross section, (thus T») cast from hot 
and cold blast iron. The bars were 7 feet long, and placed, fox 
breaking, on supports 6 feet 6 inches asunder. 

Table exhibiting the results of experiments on bars of hot buui 
iron of the form of cross section as above. 



ExruiKBRT 4. 


ExTBRiMBirr 5b 


Bar broken ^^^^ as shown 


Bar broken | as shown 


with the rib dowawafd. 


with the rib upward. 


a 

1^ 


Deflection 
In inches. 


u 

£ 


Weight In 
lbs. 


Deflection 
in inches. 


1 

i 


7 


.015 


viable 


7 


-. 


not Tisibto 


14 


.032 


.001 


14 


.025 


visible 


21 


.046 


.002 


21 


.045 


.002 


28 


.064 


.004 


28 


.065 


.003 


66 


.130 


.005 


66 


.134 


.005 


112 


.273 


.020 


112 


.270 


.015 


168 


.444 


.035 


224 


.680 


.058 


224 


.618 


.058 


336 


.895 


.101 


280 


.813 


.093 


448 


1.224 


.155 


336 


1.030 


.130 


660 


1.585 


.235 


364 


broke 


« 


672 


1.985 


.330 


— 


— 


-. 


784 


2.410 


.490 


— 


- 


— 


806 


3.450 


.722 


.- 


.- 


— 


1008 


4.140 


1.040 


. 


~ 


mm 


1064 


— 


. 


- 


- 


- 


1120 


broke 


- 


intlniala< 


lafleetton 1 J36 inches. 


Fnkctnrec 
Inches 1< 
this fom 
out. 

UlUma 


aosed by a wedge &M 
Hig and IjOS deep, of 






te deflection 4JBaD 

. 
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Note, The annexed diagram shows the 
(arm of tLe uniform cross section of tlie 
bars. The linear dimensions of the cross 
section in the two experiments were as fol- 
lows : 



c 



F 



E 



Length of parallelogram A B 5 inches'] 

Depth " AB 0.30 " I ^^ , 

Total depth of bar . CD 1.65" f^^P** 

Breadth of rib . • . DE 0.36 " J . 



5 inches 1 

0.30 " I p^ . . 
1.56 " >E3cpt. 6. 

0.365 " J 



Table exhibiting results of experiments on bars of cold blast iron 
5 feet long, of the same form of cross section as in preceding 
Table, 



ExrKRXMBMT 4. 


EXPSRIHKKT 5. 


Bar broken ^^^^ 


with rib 


Bar broken 1 with lib 


downward. 




upward. 

1 


Weight in 
lbs. 




i 


Weight in 
lbs. 


IVfloction 
In inches. 


•J 


112 


.03 


mm 


112 


.03 


^ 


224 


.07 


— 


224 


.07 


mm 


336 


.11 


~ 


336 


.11 


. 


392 


.13 


.005 


448 


.15 


.- 


420 


.14 


.007 


560 


.19 


.005 


448 


.15 


.010 


616 


.21 


.010 


560 


.19 


.012 


672 


.23 


— 


672 


.23 


.015 


728 


-. 


.015 


784 


.28 


.023 


784 


.27 


mm 


896 


.33 


.030 


896 


.31 


-. 


052 


.35 


— 


1008 


.35 


— 


980 


broke 


— 


1120 


.39 


«. 


— 


— 


— 


1344 


.48 


« 


- 


- 


— 


1568 


.57 


— 


— 


- 


.- 


1792 


.67 


* 


- 


- 


- 


2016 


.80 


- 


- 


- 


— 


2240 


.95 


— 


- 


- 


— 


2296 


it bore 


- 


— 


— 


— 


2352 


broke 




Ultimate deilectic 


m SOL 


Ultimate deflection 1.03. 

Fracture by a wedge breaking 
out as in Ezperiiuent 5, Hot 
Blast. 



Note, The linear dimensions of the cross section of the ban 
in the above Table, were nearly the same as those in the lureoi 

12 
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diiig Table, with the exception of the total depth CD, 'vliif n ia 
these last two experiments, was 2.27 inches, or a little mori. 

318. The object had in view by Mr. Hodgkinson, in the ox 
periments recorded in the two preceding Tables, was twofold ; 
llie one to ascertain the circumstances under wliich a permanent 
set, or injury to elasticity takes place ; the other to ascertain the 
effect of the form of cross section on tlie transverse strengtli of 
cast iron. The following extracts from the Report, give llie 
principal deductions of Mr. Hodgkinson on these points. 

" In experiments 4 and 5," (on hot blast iron,) " which were 
on longer bars than the others, cast for this purpose, and for an- 
other mentioned further on, the elasticity (in £xpt. 4) was sensi- 
bly injured witli 7 lbs., and in the latter (Expt. 5) witli 14 lbs., 
the breaking weights being 364 lbs., and 1120 lbs. In tlie for- 
mer of these cases a set was visible with j\, and in tlie other 
with yV^f ih® breaking weight, showing that there is no weight, 
however small, that will not mjure the elasticity." 

" When a body is subjected to a transverse strain, some of its 
particles are extended and others compressed ; I was desirous to 
ascertain whether the above defect in elasticity arose from ten- 
sion or compression, or both. Experiments 4 and 5 show this ; in 
these a section of the casting, which was uniform throughout, had 

e 

the form ^. During the experiments the broad part ab was laid 

a b 

horizontally upon supports ; the vertical rib c in the latter experi- 
ment being upward, in tlie former downward. When it was 
downward the rib was extended, when upward the rib was com 
pressed. In both cases the part ab was tlie fulcrum ; it was thin 
and therefore easily flexible ; but its breadth was such that it was 
nearly inextensible and incompressible, comparatively, with the 
vertical rib. We may therefore assmne, that nearly the whole 
flexure which takes place in a bar of this form, arises from the 
extension or compression of the rib, according as it is downward 
or upward. In Expt 4 we have extension nearly without com- 
pression, and in Expt. 5 compression almost without extension. 
These experiments wxre made witli great care. They show tliat 
there is but httle difference in the quantity of set, whether it 
aiisea from tension or compression." 

" The set from compression, however, is usually less than Uiul 
from extension, as is seen in the commencement of the two ex 
periments, and near the time of fracture in that submitted to ten 
Bion. The deflections from equal weights are nearlv tlie same 
T^hether the rib be extended or compressed, but the ultimate 
strengths, as appears from above, are widely diflferent," 

319. Form of Cast Iron Beam best adapted to resist a Traw^ 
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verse Strain, The experiments of Mr. Hodgkinson on this sub. 
iect, published in the Memoirs of the Literary and Phihsopiical 
Society of Manchester, Second Senes, vol. 5, arc of equal in- 
terest with those just detailed, both in 'their general results and 
practical bearing. From these experiments, the conclusion diawR 
18 that the form of beam in the annexed diagrams is the most fa« 
▼arable for resistance to transverse strains. 

Fig. a. 





Fig. h. 
« t f 




^ 





Fig. a represents the plan. Fig. b 
the elevation, and Fig. c the cross 
section (enlarged) at the middle of 
the beam. From the Figs, it will 
be seen, that the beam consists of 
three parts ; a bottom flanch of uni- 
form depth, but variable breadth, ta- 
pering from the centre towards the 
extremities, where the points of sup- 
port would be placed, so as to form 
a portion of the common parabola on each side of the axis of the 
beam, the vertex of each parabola being at the centre of the beam. 
The object of this form of flanch was to make it, according to 
tlieory, the strongest, with the same amount of material, to bear 
a weight uniformly distributed over it. The top flanch is of a 
like form, but of much smaller breadth and depth than the bottom 
one. The two are united by a vertical rib of uitiform depth and 
breadth. ' 

The following are the relative dimensions of this form of bean 
which, from experiment, gave the most favorable result. 

4 fl. 6 inches. 



(I 



Distance of supports . . . . 
Total depth of beam .... 
Breadth of top fianch at centre of beam 

*• bottom flanch 

Uniform depth of top flanch 

*' bottom flanch 

Thickness of vertical rib . 
Total area of cross section 
Weight of beam 



(t 



{( 



6{ 

2.33 

6.66 

0.31 

0.66 

0.266 •♦ 

6.4 sqtiftre men 

71lb8 



u 
u 
u 
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** This beam broke in the middle by compression with 26084 
Ibs.y or 11 tons 13 cwt., a wedge separating from its uppei 
side." 

** The weights were laid gradually and slowly on, and the beam 
had borne witnin a little of its breaking weight a considerable time, 
perhaps half an hour." 

" The form of the fracture and wedge is represented in the 
Fig. by where enfis the wedge, ef=5.l inches, tn = 3.9 inches, 
angle en/" = 82V' 

" It is extremely probable, from this fracture, that the neutral 

Soint was at n, :he vertex of the wedge, and therefore at f ths the 
epth of the beam, since 3.9 = f x 6} nearly." 
The relative dimensions above given were arrived at by " con- 
stantly making small additions" to the bottom flanch, until a point 
was reached where resistance to compression could no longer be 
sustained. The beams of this form, in all previous experiments, 
having yielded by the bottom flanch tearing asunder. 

" The great strength of this form of cross section is an indis- 

Eutable refutation of that theory which would make the top and 
ottom ribs of a cast iron beam equal." 
" The form of cross section" (as above) " is the best which we 
have arrived at for the beam to bear an ultimate strain. If we 
hdopt the form of beam, (as above,) I think we may confidently 
expect to obtain the same strength with a saving ox upwards oi 
Jth of the metal." 

320. Rules for determining the ultimate Strength of Cast 
Iron Beams of the above forms. From the results of his experi- 
ments, Mr. Hodgkinson has deduced the following very simple 
formulae, for determining the breaking weight, in tons, when ap- 
plied at the middle of abeam. 

Call the brcakmg weigh, m tons, W. 

Call tlie area of the crojs section of the bottom flanch, taken 
at the middle of the beam, a. 

Call the deptii of the beam at the middle point, d. 
Call the distance between the supports, Z. 

Then 

W^=26y, 

when tlie beam has been cast v^tli the bottom flanch upward 
and 

when the beam has been cast on its side. 

321. Effect of Hotizontal Impact upon cast iron hart^ and 
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[Measure ofthe Resistance offered by cast iron to this force* IT* e 
following Tables of experiments on this subject, ana the results 
drawn from tliem, are taken from a paper by Mr. Hodgkinscn, 
published in the Fifth Report of the British Association. 

The bars under experiment were impinged upon by a weigh 
suspended freely in such a position, that hanging vertically it was 
in contact with the side of the bar. The blow was given by al- 
lowing the weight to swing tlirough different arcs. The bars 
were so confined against lateral supports, that they could take nc 
vertical motion. 



Table of experiments on a cast iron bar^ Aft, 6 in, long, 1 in, 
broad, ^ in. thick, weighing 7 J lbs,, placed with the broadside 
against lateral supports 4 ft. asunder, and impinged upon by 
cast iron and lead balls weighing 8^ lbs., swinging through 
arcs ofthe radius 12 feet. 



Impact with leaden balL 



S| 



|35 



1 

9 
3 
4 
6 
6 



III 



6.5 
13 
19 
27 
34 
47 



II 



ill 



.24 
.46 
.73 
.97 
1.30 
1.60 



Impact with Iron ball. 









1 
2 
3 
4 
5 
6 




6.5 

14 
20 
29 
37 

48 



ll 



1^ 



I 



I 



ii 



.23 
.46 
.65 
.98 
1.32 
1.65 



" Before the experiments on impact were made upon this htj, 
it was laid on two horizontal supports 4 feet asunder, and weights 
gently laid on the middlo bent it (in the same direction that it win 
afterwiuds bent by impact) as below : 



98 lbs, bent it .37 inch. 

56lbt •« .77 '* ElMtieity a little injnnd.'' 
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Table of experiments on a cast iron bar 1ft, long^ 1.08 in. h "oad 
and 1.05 in, thick, weighing 23^ lbs., placed, as in preceding 
e^eiiments, against supports f>ft, 6 in. asunder, and bent o^ 
impacts in the middle. Impinging ball tf cast iron weighing 
20| lbs, Radius of arcs 16 feet. 



Impact upon bar. 


Impact npon the 
weight 


Chord of are 
fallen through. 


ll 

II 

.46 
.62 
.87 
1.03 
1.24 
1.44 
1.80 


Chord of arc 
fallen through. 


OhMnred deflec- 
tion in inches. 


2 
3 
4 
5 

6 

7 
8 


2 
3 

4 
5 
6 
7 
8 
9 


.31 
.43 

.69 
.81 
1.04 
1.28 
1.41 
1.63 



'ITie results in the 3d and 4th columns of the above table were 
derived from allowing the ball to impinge against a weight of 56 
lbs., hung so as to be in contact with the bar. 

" Before the experiments on impact, the beam was laid on two 
supports 6 ft. 6 in. asunder, and was bent .78 in. by 123 lbs., 
(including the pressure from its own weight,) appUed gently ir 
the middle." 

Tables of experiments on two cast iron bars, ^ft*6 in. long, full 
inch square, weighing 14 lbs, 10 oz, nearly, placed against 
supports ^feet apart, and impinged upon by a cast iron ball 
weighing 44 lbs, Radius 16 ft. 



Impact in the middle. 


Impact at one fourth the length from the middle 
of the bars. 


ChoidBofarcsin 
feet 


Mean deflections 
of the two bars 
in inches. 


Chords of arcs 
in feet. 


Mean deflections 
of the two bars 
in inches. 


Mean ratio of the 
deflections in 
the two cases. 


2 
8 

4 
5 

5.5 
6 


.35 
.55 

.77 

.95 

1.05 

Broke in the 

middle 


2 

3 

4 

5 

5.5 

6 


.24 
.49 
.52 

.64 

.70 

Broke at the 

point of impact 


694 

• 



The results in the 1st of the above Tables arc from bars struck 
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m tlie middle, those in the 2d Table are from bars struck at the 
middle point between the centre and extremity of the bar. 

322. From the above and other experiments the conclusion is 
drawn, " that a uniform beam will bear the same blow, whether 
struck m the middle or half way between that and one end." 

" From all the experiments it appears, that the deflection is 
nearly as the chord of the arc fallen through, or as the velocity 
of impact." 

The following conclusions are drawn from the experiments. 

(1 .) " If different bodies of equal weight, but differing consider- 
ably in hardness and elastic force, be made to strike horizontally 
against the middle of a heavy beam supported at its ends, all tlie 
bodies will recoil with velocities equal to one another." 

(2.) " If, as before, a beam supported at its ends be struck 
horizontally by bodies of the same weight, but different hardness 
and elastic force, the deflection of the beam will be the same 
whichever body be used." 

(3.) " The quantity of recoil in a body, after striking against a 
beam as above, is nearly equal to (though somewhat below) what 
would arise from the full varying pressure of a perfectly elastic 
beam, as it recovered its form after deflection." 

Note. This last conclusion is drawn from a comparison of the 
results of experiment with those obtained from calculation, in 
which the beam is assumed as perfectly elastic. 

(4.) " The effect of bodies of different natures striking against 
a hard, flexible beam, seems to be independent of the elasticities 
of the bodies, and may be calculated, with trifling error, on a sup- 
position that they are inelastic." 

(3.) " The power of a uniform beam to resist a blow given 
horizontally, is the same in whatever part it is struck." 

323. From the results of the experiments of Messrs. Fairbairn 
and Hodgkinson, on the properties of cold and hot blast iron, it ap- 
pears that the ratio of their resistances to impact is 1000 to 1226.3, 
the resistance of cold blast being represented by 1000; the re- 
sistance, or power of the beam to bear a horizohtal impact, being 
measured by the product of its breaking weight from a transverse 
strain at the middle of the beam and its ultimate deflection. This 
measure, Mr. Hodgkinson remarks, " supposes that all cast iron 
bars of the same dimensions, in our expenments, are of tlie same 
weight, and that the deflection of a beam up to the breaking 
weight, would be as the pressure. Neither of these is true ; 
ihey are only approximations ; but the difference in the weights 
of cast iron bars of equal size is very little, and taking them as 
the same, it may be inferred from my paper on Impact upon 
Beams, {Fifth Report of the British Association^) that tlie as- 
sumption above gives results near enough for practice." 
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;J24 Stbength of Wrought Iron. This material, from iti 
?ery extensive applications in structures where a consideraole 
tensile force is to be resisted, as in suspension bridges, iron ties, 
&c., has been the subject of a very great number of experiments. 
Among the many may be cited those of Telford and Brown in 
England, Duleau in France, and the able and extensive series 
upon plate iron for steam boilers, made under the direction of the 
Frankiip. Institute, and published in the 19th and 20th vols, {New 
Series) of the Journal of the Institute, 

Resistance to Extension. The following Tables exhibit the 
tensile strength of this material under ordinary temperatures, and 
in the different states in which it is used for structures. 

Table exhibiting the Strength of Square and Round bars of 

Wrought Iron. 





Unwth ot 


Estwwion \f 


Bnakifif 


TsMlto 




DmcmimoH or imoi*. 


DMCM in 


(on nipturt 


vtifhi w 


■uvnftliprr 


AMhifc 




fe*u 


ininebM. 


looa. 


■qiun iiMb. 




Bar 1 Inch square, fVtUk 


1 


3S.75 


90 


20 


TelfonL 


*• *' Sw0disk 


1 


0.375 


29 


29 


M 


Roand bar, 9 in. dlain. " 


1 


2.3 


100 


99.98 


M 


Bar, 131 Inch square '* 


ZJi 


0.10 


40.05 


93.75 


BrowiL 


- 1.19 " *• 


3.5 


3.00 


33.50 


23.75 


u 


Round bar, Ul In. diam., Rmgnam 


3.5 


2.85 


36.10 


96.50 


u 


Bar, IJKS Inch minnre. fVel»k . 


ZZ 


2.00^ 


38.05 


14.35 


M 


Round bar, 3 in. diani. '* 


ISL5 


18.50 


8S.75 


96.33 


u 


Bars reduced in ihe middle hy 












hammering to 0.375 in. square 


- 


- 


- 


31.35 


BramL 


** " 0.50 " 


~ 


« 


» 


30i«> 


u 


Bar, Mifouri 


- 


- 


- 


91 J8 


( Franklin 
I Intamis. 


** (silt rods) .... 




- 


• 


99.39 


H 


" Tenne»»90 


w 


« 


.. 


93.95 


« 


** Baliabury, OrnneetieMt 


- 


- 


_ 


25JW 


« 


** Swedish 


— 


— 


* 


95.07 


M 


•« Ctntre Co., Peun, 


— 


— 


. 


96.07 


M 


** LaneaaUr Co., Penn. . 


— 


* 


. 


96.18 


M 


** (Cabletron) EnMh 
** do. hammer hardened ** 


— 


* 


— 


96.69 


M 


— 


<m 


« 


31.70 


It 


** RutoUm 


> 


• 


« 


33.05 


U 


VVlr«, O.Tn In. diam. PfuUipoburg 
" 0.100 - ^ 


- 


- 


- 


37.58 


« 


• 


* 


. 


39.96 


w 


« 0.136 •* " 


- 


- 


« 


39a) 


« 


" 0.10 •* Englitk 


" 


" 


"■ 


35.81 


Toifbrd. 



Table exhibiting the Mean Strength of Boiler Iron, per square 
inch in lbs., cut from plates with shears. 



Procees of manofacmra. 


Rough edge bar. 


Edges filed uni- 
formly. 


Notches filed Into 
bar on each edge. 


Piled iron .... 
Hammered plate 
Puddled iron • • 


53,046 
47,606 
52,341 


56,081 
56,684 
61,039 


63,266 

68,447 
62,420 



It is remarked in the Report of the Sub-committee, '' that tlia 
inherent irregularities of the metal, even in the best specimenBi 
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whether of roDcd or hammered iron, seldom fall short of 10 or 15 
per cent, of the mean strength." 

From the same series of experiments, it appears thtt th 
strength of roiled plate lengthwise is about 6 per cent, greater 
than its strength crosswise. 

In the Tenth Report of the British Association in 1840, Mr. 
Fair])aim has given the results of experiments on plate iron by 
Mr. Hodgkinson, from which it appears that the mean strength 
j{ iron plates lengthwise is 22.52 tons. 

Crosswise " 23.04 " 

Single-riveted plates " 18,590 lbs. 

Double-riveted plates " 22,258 " 

Representing the strength of the plate by 100. 
The double-riveted plates will be . .70 
lie single " " . . 66. 

325. Professor Barlow, in his Report to the Directors of the 
London and Birmingham Railroad, (Journal of Franklin Insti- 
tute, July, 1835,) states, as the results of his experiments, that a 

bar of malleable iron one inch square is elongated the io^th part 
of its length by a strain of one ton ; that good iron is elongated the 

^th part by a strain of 10 tons, and is injured by this strain, 
while indiiFerent, or bad iron is injured by a strain oi 8 tons. 

From the Roport made to the Franklin Institute, it appears that 
the first set, or permanent elongation may take place under very 
different strains, varying with the character of the material. The 
most ductile ijon yields permanently to a low degree of strain. 
The extremes by which a permanent set is given vary between 
the 0.416 and 0.872 of the ultimate strength ; the mean of thir- 
teen comparisons being 0.641. 

326. Resistance to Compression. But few experiments have 
been published on the resistance of this material to compression. 
Rondelet states that it commences to yield under a pressure of 
about 70,800 lbs. per square inch, and that when the altitude of 
the specimen tried is greater than three times the diameter of 
the base it yields by bending. Mr. Hodgkinson states that the 
circumstances of its rupture from crushing indicate a law simi- 
lar to what obtains in cast iron. 

327. Resistance to a Transverse Strain. The following Ta% 
bles exhibit the circumstances of deflection from a transverse 
strain on bars laid on horizontal supports ; the weight being ap- 
plied at the middle of the bar. 

The Table I. gives the results on bars 2 inches square, laid on 
supports 33 inches asunder; Table II. the results on bars 2 
biches deep, 1.9 in. broad, bearing as in Table I. 

13 
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Tabls L 


Table I . 




Deflections in 




Deflectiom li . 


Weight la tone. 


laches Tor each 


Weight la tons. 


Inches for eacU 




half ton. 




half ton 


.76 


.020 


.250 


_ 


1.00 


.020 


.50 


.016 


1.50 


.020 


1.00 


.022 


2.00 


.030 


1.50 


.020 


2.50 


.020 


2.00 


.026 


3.00 


Set 


2.25 


.018 


~ 


— 


2.50 


.026 


— 


— 


2.75 


.038 


— 


— 


3.00 


.092 



The above experiments were made by Professor Barlow, aaf -^ 
published in his Report already cited. He remarks on the -rt-"^ 
sult.<5 in Table IL, that the elasticity was injured by 2.50 I qb 
and destroyed by 3.00 tons. 

328. Trials were made to ascertain mechanically the position 
of the neutral axis on the cross section. Professor Barlow re* 
marks on these trials, that " the measurements obtained in thiise 
experiments being tension 1.6, compression 0.4, giving exactly 
the ratio of 1 to 4 in rectangular bars. These results setm the 
most positive of any hitherto obtained ; still there can be little 
doubt this ratio varies in iron of different qualities ; but looking • 
to the preceding experiments, it is probably always from 1 to 3, 
to 1 to 5." 

329. Effects of time on the elongation of Wrought Iron from 
a constant strain of extension, M. Vicat has given, in the A?i- 
nales de Chimie et de Ptiysiquey vol. 64, some experiments on 
this point, made on iron wires which had not been annealed, by 
subjecting four wires, respectively, to strain^ amounting to the 
J, the ^, the ^, and | of their tensile strength, during a period of 
33' months. 

From the results of these experiments it appears, that each 
wire, immediately upon the application of the strain to which it 
was subjected, received a certain amount of extension. 

The first wire, which was subjected to a strain of Jtli its ten- 
sile strength, was found at the end of the time in question not to 
have acquired any increase of extension. 

The second, submitted to |d its tensile strength, was elongated 
0.027 in. per foot, independently of the elongation it at first re^ 
ceivcd. 

The third, subjected under like circumstances to a strain of 
i^ its tensile strength, was elongated 0.40 in. per foot, besidef 
its first elongation. 
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The fourtn, similarly subjected to fths the tensile st**ength, waa 
elongated 0.061, b( iides its first elongation. 

From observations made during the experiments, it was found 
that, reckoning from the time when the first elongations took place, 
*he rapidity of the subsequent elongations was nearly proportional 
to the times ; and that the elongations from strains greater than 
Jth the tensile strength are, after equal times, nearly proportiona 
to the strains. 

330. M. Vicat remarks ir. substance upon the results of these 
experiments, that iron wire, when not annealed, commences to 
exhibit a permanent set when subjected to a strain between the 
i and J of its tensile strength, and that therefore it is rendered 

Erobable that the wire ropes of a suspension bridge, which should 
e subjected to a like strain, would, when the vibratory motion tc 
hich such structures are liable is considered, yielcl constantly 

year to year, until they entirely gave way. 
M. Vicat farther remarks, in substance, that the measure of the 
resistance offered by materials to strains exerted only some minutes, 
or hours, is entirely relative to the duration of the experiments. 
Ki To ascertain the absolute measure of this resistance, which should 
serve as a guide to the engineer, the materials ought to be sub- 
S jected for some months to strains ; while observations should be 
' made during this period, with accurate instruments, upon the 
manner in which thev yield under these strains. 

331. Effects of Temperature on the Tensile Strength of 
Wrought Iron The experiments made under the direction of 
the Franklin Institute, already noticed, have developed some very 
curious facts of an anomalous character, with respect to the effect 
of an increase of temperature upon the strength of wrought iron. 
It was found that at high degrees of heat the tensile strength was 
greater up to a CQrtain point than was exhibited by the same iron 
at ordinary temperatures. The Sub-committee m their Report 
remark : " This circumstance was noted at 212**, 392"*, and 572**, 
rising by steps of 180" each from 32% at which last point some, 
trials have been made in melting ice. At the highest of these 
points, however, it was perceived that some specimens of the 
metal exhibited but little, if any, superiority of strength ovtir that 
which they had possessed when cold, while others allowed of 
being heated nearly to the boiling point of mercury, before they 
manifested any decided indications of a weakening effect from in- 
crease of temperature." 

" It hence became apparent that any law, taking for a basis 
the strength of iron in its ordinary condition, and at common 
cemperatureS) must be liable to great uncertainty, in regard to its 
EppJication to different specimens of the metal. It was evident 
hut the anomaly above referred to must be only apparent, and 
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that the tenacity actually exhibited at STS'', as well as that wnick 
prevails while the iron is in the state in which it was left by 
fbrgiiig, or rolling, must be below its maximum tenacity." 

From the experiments made upon several bars of the same 
iron, it appeared that their " maximum tenacity was 15 17 pei 
cent, greater than their mean strength when tried cold." 

Calculating the maximum tenacity in other experiments from 
this standard, the Sub-committee have drawn up the following 
Table exhibiting the relations between diminutions from the max- 
imum tenacity and the degrees of temperature by which they are 
caused, from which the curve representing the law of these rela- 
tions can be constructed. 



Table. 



( 

1 






OhAi^rvAd diml- 


Power of the tempentnre 


No.ofthecoin- 


Observed tentf 


ObMrred tem- 


nation of te- 
nacity. 


which represents the 


1 porisoa. 

1 


perararei. 


peratarea— 80*. 


diminntion of tenaciir 
at each point. 


1 


620* 


440- 


.0738 


3.25 I 


3 


670 


490 


.0869 


3.17 


3 


596 


516 


.0899 


2.38 , 


4 


662 


582 


.1155 


2.67 ; 


5 


770 


690 


.1627 


2.85 


6 


824 


744 


.2010 


2.94 


7 


932 


852 


.3324 


2.97 


8 


1030 


950 


.4478 


3.92 


9 


nil 


1031 


.5514 


2.63 


10 


1155 


1075 


.6000 


2.60 


11 • 


1237 


1157 


.6622 


2.41 


12 


1317 


1237 


.7001 


2.14 1 


Mean 2.58 



The Sub-committee remark on ths construction of the above 
Table . " As some of the experimen*:^ which furnished the stand- 
ards of comparison for strength at ordinary temperatures, were 
made at 80°, and as at this point small variations with respect to 
heat appear to affect but very shghtly the tenacity of iron, it was 
conceived that for practical purposes, at least, the calculations 
might be commenced from that point." 

" It will be found that with the exception of a slight anomaly 
oetween 620** and 570**, amounting to —.08, the numbers express- 
ng the ratios between the elevations of temperature, and the 
diminutions of tenacity, constantly increase until we reach 932**, 
at which it is 2.97, and that from this point the ratio of diminu- 
tion decreases to the limits of our range of trials, 1317*, where it 
is 2.14. It will also bo observed, that thf diminution of tenacit)' 
at 932°, where the law changes from an ir :reasing to a decreasing 
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rate of diminution, is almost precisely one third of the total, oi 
maximum strength of the iron at ordinary temperatures." 

From the mean of all the rates in the above Table the follow- 
ing rule is deduced : " the thirteenth power of the temperature 
above 80" is proportionate to the fifth power of the diminution 
fr&nr. the maximum tenacity P 

Piofessor W. R. Johnson, a member of the sub-committee, 
has since applied the results developed in the preceding experi- 
ments to practical purposes, in increasing the tenacity of wrought 
iron by subjecting it to tension under a high degree of tempera- 
lure, before using it for purposes in which it will have to uhdergo 
considerable strains, as, for example, in chain cables, &c. 

This subject was brought by rrof. Johnson before tiie Board 
of Navy Commissioners in 1841 ; subsequently, experiments were 
made by him under direction of the Navy Department, the results 
of which, as exhibited in the following Table, were published in 
the Senate Public Documents^ {I) 28th Congress^ 2d Session^ 
p. 641. Dec. 3, 1844. 

Table of the effects of Thermo-tension on the Tenacity and 

Elongation of Wrought Iron. 



tm or noK. 


Su«ngth 
of cola. 


Strength af- 
ter treating 
with Ther- 
mo- tension. 


Gain of 
length. 


Gain of 
strength by 
the treat- 
ment. 


Total gain 
of value. 


Tredegrar, No. 1, round iron 

Do. do. 
Tredegar, square bar iron 
Tredegar, No. 3, round iron 
Salisbury, round, (Ames') 

Mean, 


60 
60 
60 
58 
105.87 


71.4 
72.0 
67.2 
68.4 
121.0 


6.51 

6.51 

6.77 

5.263 

3.73 


19.00 
20.00 
12.00 
17.93 
14.29 


25.51 
26.51 
18.77 
23.19 
18.02 


— 


— 


6.75 


16.64 


22.40 



Prof. Johnson in his letter remarks : " It will be observed that 
in these experiments the temperature has, with a view to economy 
of time, been limited to 400**, whereas the best effects of the pro- 
cess have generally been obtained heretofore when the heat has 
been as high as 675**." 

332. Resistance of Iron Wire to Impact. The following Ta- 
ble of experiments gives the results obtainc : by Mr. Hodgkinson, 
by suspending an iron ball at the end of a w je, (diameter No. 17,) 
imd letting anotlier iron ball impinge upon it from different alti- 
tudes. The suspended and impinging balls had holes drilled 
Ihrough them, through which the wire passed. A disc of lead 
ivas placed on tlie suspended ball to receive the blow, and lesser 
the recoil fro*ii elasticity. 
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Tabi.b. 



ft. In. 


«nkiii( ball. 


WeifSt of 

b«iiMk:u«a. 


H« ght blWu ihrouxfa by Mrikinf 

balL 


Wtrabrokt 
wiih ball Mi. 
iug through. 


—^ 


)bs.nx. 


lbs. 01. 








85 


5 14 


9 


2, Si. 3, 3i. 4. 
(repeated) 24, 3, 3], 4, 4i 


?!*» 


No lead. 


94 


6 


10 1 


7, 


'4^ 


* 


— 


— 


— . 


(repeated with Oreih wire,) 6, 
l,i3,4.5.eK64,7, 


Tlw virt imallr 


» 


— 


44 


74 


broke nciirlbc (<.«it 


~~ 


a,^. 


80 8 
80 


6, 04. 7, 7., 8. 8 .0, 
8. 8„ 9, 94, 10, 104, 


11 


of imMCIt Knd it . 

• was aujutced to iu ; 

lenjrth, if fraah win 


— 


— 


195 


8.8 .9.94. 10, 


104 


were not uaed by a 


^ 


40 


10 1 


3, 4 inches. 


5 inches 


HHcrve at tlM top. 


— 


— 


80 8 


S. 3, 4, 5, 6 inchee, 


7 do. 




^ 


— 


80 


4, 5 inches, 


6 do. 


Broke one Inch 


S4 8 


85 


44 


S inches, 


3 do. 


from top. 



E 



The followinff obsei-vations are made by Mr. Hodgkinson: 
•* To ascertain the strength and extensibility of this wire, it was 
broken in a very careful experiment with 252| lbs., suspended 
at its lower end, and laid gradually on. And to obtain the incre- 
ment of a portion of the wire (lengtli 24 ft. 8 in.) when loaded by 
a certain weight, it had 139 lbs. hung at the bottom, and when 
89 lbs. w^e taken off the load, the wire decreased in length .39 
inch. 

" Should it be suggested that the wire by being frequently im- 
inged upon would perhaps be much weakened, the author would 
eg to refer to a paper of his on Chain Bridges, Mancliester Me- 
moirs, 2d series, vol. 5, where it is shown that an iron wire broken 
by pressure several times in succession is very little weakened, 
and will nearly bear the same weight as at first." 

" The first of tlie preceding experiments on wires ^xe the only 
ones from which the maximum can, with any approach to cer- 
tainty, be inferred ; and we see from them that the wire resisted 
tlie impulsion witli the greatest effect when it was loaded at bot- 
tom with a weight, which, added to that of tiie striking body, was 
a little more than one third of the weight tliat would break the 
wire by pressure." 

" From these experiments generally, it appears that the wire 
was weak to bear a blow when lightly loaded." 

" These last experiments and remarks, and some of the prece- 
ding ones," (on horizontal impact,) " show clearly the benefit of 
giving considerable weight to elast': structures subject to impact 
and vibration." 

333. Resistance to Torsion of Wrought and Cast Iron. The 
following Table exliibits the results of experiments made by 
Mr. Dunlop, at Glasgow, on round bars of wrought iron. The 
twisting weights were applied with an arm of lever 14 feet 9 
inches. 
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Lragthof ban 


Diameter of ban 


Weight In Ibr ir.o- 


In Inchas. 


in inqlies. 


duelDi npfjtc 


2f 
3| 


3 


250 


2r 

4 

3? 


384 


3 


408 


3 


700 


4 


1170 


5 


1240 


5 


1662 


6 


4 


1938 


6 


4* 


2158 



liable of experiments made by Mr. G. Rennie upcn Cast and 
Wrought Iron. Weight applied at an arm of levei of 2 feet. 



MATBUAL. 

1 


LengUiof 
blociu ia 
inches. 


Slieof 

•ectional 

area. 


Mean break- 
ing weight 
in lbs. 


Iron cast horizontally 
" vertically 












X 


Ibe. OB. 

9 15 

10 10 


" horizontally 

M 14 

« u 








1 




7 3 

8 1 
8 8 


** Tertically 

«4 <C 








\ 

1 




10 1 
8 9 
8 5 


M , « 








6 




9 12 


'* horizontaUy 

1 • « 














93 12 
74 


M tt 

m 


■ 






10 


I 


52 


Wrought iron, (English) . 
(Swedish) . 












I 


10 2 
9 8 



334. Strength of Copper. The yarious uses to which cop 
per is applied in constructions, render a knowledge of its resist- 
ance under various circumstances a matter of great interest to the 
engineer. 

Resistance to Extension. The resistance of cast copper on 
the square inch, from the experiments of Mr. G. Rennie, is 8.51 
tons, that of wrought copper reduced per hammer at 15.08 tons 
Copper wire is stated to bear 27.30 tons on the square inch. 
From the experiments made under the direction of the Franklin 
Institute, already cited, the mean strength of rolled sheet coppei 
is stated at 14.35 tons per square inch. 

Resistance to Cornpression. Mr. Rennie's experiments on 
cttbes of one fourth ot an inch on the edge, give fox the crushing 
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weight of cube of cast copper 7318 lbs., and of wrought cop|i6t 
6440 lbs. 

335. Effects of Temperature on Tensile Strength, The ex- 
periments alreaily cited of the Frankhn Institute, show that thd 
difference in strength at the lower temperatures, as between 60" 
and 90°, is scarcely greater than what arises from irregularities 
in the structure of the metal at ordinary temperatures. At 550* 
Fahr. copper loses one fourth of its tenacity at ordinary tempera* 
tures, at 817** precisely one halfy and at 1000° two thirds. 

Representing the results of experiments by a curve of which 
the ordinates represent the temperatures above 32°, and the ab- 
scissas the diminutions of tenacity arising from increase of tern 
perature, the relations between the two will be thus expressed : 
the squares of the diminutions are as the cubes of the tempera- 
tures, 

336. Strength of other Metals. Mr. Rennie states the 
tenacity of cast tin at 2.11 tons per square inch ; and the resist- 
ance to compression of a small cube of ^ of an inch on an edge 
at 966 lbs. 

In the same experiments, the tenacity of ca^t lead is stated at 
0.81 tons per square inch ; and the resistance of a small cube of 
same size as in preceding paragraph at 483 lbs. 

In the same experiments, the tenacity of hard gun-metal is 
stated at 16.23 tons ; that of fine yellow brass at 8.01 tons. The 
resistance to compression of a cube of brass the same as before- 
mentioned, is stated at 10304 lbs. 

337. Linear Dilatation of Metals hy Heat, The followina 
Table is taken from results of experiments on the dilatation of 
solids, by Professor Daniell, published in tlie Philosophical 
Transactions^ 1831. 

Table of Dimensions which a bar takes whose length at 62^ is 

1.0000. 











At21«»,(150«».) 


Atees».(60(r».) 


Atpointof AiBioa. 


Iron, (wrought) . 


1.000984 


1.004483 


1.018378* 


Iron, (cast) 








1.000893 


1.003943 


1.016389 


Zinc 








1.002480 


1.008627 


1.012621 


Copper 








1.001430 


1.006347 


1.024376 


Lead 








1.002323 


-— 


1.009072 


Tin . . , 








1.001472 


~— 


1.003798 


Brass, (zinc \) . 
Bronze, (tin |) 








1.001787 


1.007207 


1.021841 








1.001541 


1.007053 


1.016336 


Pewter, (tin \) , 








1.001696 
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1.003776 
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* At Auing point of cut boil 
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338. Adhesion of Iron Spikes to Timber. The following 
Tables and results are taken from an article, by Professor 
Walter R. Johnson, published in the Journal of 'the Franklin 
Institute, vol. 19, 1837, giving the details of experiments made 
by him on spikes of various forms driven into different kinds of 
limber. 

339. The first series of experiments was made with Burden's 
plain square spike, the flanched, grooved, and swell spike, and 
the grooved and swelled spike. The timber was seasoned Jersey 
yellow pine, and seasoned white oak. 

From these experiments it results, that the grooved and sweUed 
form is about 5 per cent, less advantageous than the plain, in yel- 
low pine, and about 18^ per cent, superior to the plain in oak. 
The advantage of seasoned oak over the seasoned pine, for re- 
taining plain spikes, is as 1 to 1.9, and for grooved spikes as 1 to 
2.37. 

340. The second series of experiments, in which the timber 
was soaked in water after the spikes were driven, gave tlie fol- 
lowing results. 

For swelled and grooved spikes, the order of retentiveness was, 
I locust; 2 white oak; 3 hemlock; 4 unseasoned chesnut; 5 
yellow pine. 

For grooved spike without swell, the like order is — 1 unsea- 
soned chesnut ; 2 yellow pine ; 3 hemlock. 

The swelled and grooved spike was, in all cases, found to be 
inferior to the same spike with the swell filed off. 

341. The third series of experiments gave the following results. 
Thoroughly seasoned oak is twice, and thoroughly seasoned 

locust 2f times as retentive as unseasoned chesnut. 

The forces required to extract spikes are more nearly proper 
tional to the breadths than to either tlie thickness or the weights 
of the spikes. And, in some cases, a diminution of thickness 
with the same breadth of spike afforded a gain in retentiveness. 

" In the softer and more spongy kinds of wood the fibres, in- 
stead of being forced back longitudinally and condensed upon 
diemselves, are, by driving a thick, and especially a rather ob 
nisely-pointed spike, folded in masses backward and downward so 
as to leave, in certain parts, the faces of the grain of the timber 
in contact with the surface of the metal.*' 

"Hence it appears to be necessary, m order to obtain the 
greatest effect, tnat the fibres of the wood should press the faces 
as nearly as possible in their longitudinal direction, and with equal 
intensities throughout the whole length of the spike." 

The following is the order of superiority of the spikes from 
rhui of the ratio of their weights and extracting forces respec* 
dvely. 

14 
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1. Narrow flat • . . 7.049 ratio of wei^r;! to extracting foioft 

3. Wide flat . . . 6.713 " " 

3. Grooved but not swelled 5.663 *' '' " 

4. Grooved and not notched 5.300 ** *' ** 

5. Grooved and swelled . 4.624 ** 

6. Burden^B patent . 4.509 

7. Square hammered . . 4.139 

8. Plain cylindrical . . 3.300 
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" All the experiments prove that when a spike is once started, 
llie force required for its final extraction is much less than tiaX 
which jproduced the first movement." 

*• When a bar of iron is spiked upon wood, if llie spike be 
driven until the bar compresses the wood to a great deffree, the 
recoil of the latter may become so great as to start back the spike 
for a short distance after the last blow has been given.** 

342. From the fourth series of experiments it appears, tliat the 
spike tapering gradually towards the cutting edge, gives bettei 
results than those with more obtuse ends. 

That beyond a certain limit the ratio of the weight of the spike 
to the extracting force begins to diminish ; " showing that it would 
be more economical to increase the number ratlier than the length 
of the spikes for producing a given effect.'* 

" That the absolute retaining power of unseasoned chesnut ou 
square or flat spikes of from two to four inches in length, is a 
little more than 800 lbs. for every squire inch of their two facei 
which condense longitudinally the fibrils of the tim'oer ** 
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MASONRY, 

343. Masonry is the art of raising' structures, m stone, biid^ 
and mortar. 

344. Masonry is classified either from the nature of the mate^ 
rial, as stone masonry^ brick masonry, and mixed, or that which 
is composed of stone and brick ; or from the manner in which 
the material is prepared, as cut stone or ashlar masonry^ rubble 
stone or rou£(h masonry, and hammered stone masonry; or, 
finally, from tlie form of the material, as regular masonry, and 
irregular masonry. 

345. Cut Stone. Masonry of cut stone, w^hen carefully made, 
is stxonger and more solid than that of any other class ; but, owing 
to the labor required in dressing, or preparing the stone, it is also 
the most expensive. It is, therefore, mostly restricted to those 
works where a certain architectural effect is to be produced by 
the regularity of the masses, or where great strength is indispen- 
sable. 

346. Before explaining the means to be used to obtain the 

Sreatcst strength in cut stone, it will be necessary to give a few 
efinitions to render the subject clearer. 

In a wall of masonry, the term /ace is usually appHed to the 
front of the wall, and tlie term back to the inside ; the stone 
which forms the front, is termed the facing ; that of the back, 
the backing ; and the interior, \hejilhng. If the front, or back 
of the wall, has a uniform slope from the top to the bottom, this 
slope is termed the batter, or oAtir. 

The term course is applied to each horizontal layer of stone 
in tlie wall : if the stones of each layer are of equal thickness 
throughout, it is termed regular coursing ; if the thicknesses are 
unequal, the term random, or irregular coursing, is applied. 
The divisions between the stones, in the courses, are termed the 
joints ; the upper surface of tlie stones of each course is also, 
sometimes, termed the bed, or build. 

The arrangement of the different stones of each course, or of 
contiguous courses, is termed tlie bond, 

347. The strength of a mass of cut stone masonry will depend 
on the size of the blocks in each course ; on the accuracy of tlie 
dressing ; and on the bond used. 

348. The size of the blocks varies with the kind of stone, and 
the nature of the quarry. From some quarries the stone may be 
obtained of any required dimensions ; others, owin^ to some pe* 
fuliarity in the formation of the stone, only furnish blocks of snialJ 
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size. Again, lie strength of some stones is so ^eat as to adir.il 
of their being used in blocks of any size, without danger to the 
stability of the structure, arising from their breaking ; others can 
only be used with safety, when the length, breadth, and thickness 
of the block bear certain relations to each otlier. No fixed rule 
can be laid down on this point : that usually followed by buildeis, 
is to make, with ordinary stone, the breadth at least equ»l to the 
thickness, and seldom greater than twice this dimension, and to 
limit the length to within three times the thickness. When the 
breadth or the length is considerable, in comparison with the 
thickness, there is danger that the block may break, if any un- 
equal settling, or unequal pressure should take place. As to the 
absolute dimensions, the tnickness is generally not less than one 
foot, nor greater than two ; stones of this thickness, with tlie rel- 
ative dimensions just laid down, will weigh from 1000 to 8000 
pounds, allowing, on an average, 160 pounds to the cubic foot. 
With these dimensions, therefore, the weight of each block will 
require a very considerable power, both of naachinery and men, 
to set it on its bed. 

349. For the coping and top courses of a wall, the same ob- 
jections do not apply to excess in length : but this excess may, on 
the contrary, prove favorable ; because the number of top joints 
being thus diminished, the mass beneath the coping will be better 
protected, being exposed only at the joints, which cannot be made 
water-tight, owing to the mortar being crushed by the expansion 
of the blocks in warm weather, and, when they contract, being 
washed out by the rain. 

350. The closeness with which the blocks fit is solely depen- 
dent on the accuracy with which the surfaces in contact, are 
wrought or dressed ; if this part of the work is done in a slovenly 
manner, the mass will not only present open joints from any in- 
equality in the settling ; but, from the courses not fitting accurately 
on their beds, the blocks will be liable to crack from the unequal 
pressure on the difierent points of the block. 

351. The surfaces of one set of joints should, as a prime con- 
dition, be perpendicular to the direction of tlie pressure : by this 
arrangement, there will be no tendency in any of the blocks to 
slip. In a vertical wall, for example, the pressure being down- 
ward, the surfaces of one set of joints, wiuch are tlie beds, must 
be horizontal. The surfaces of the other set must be peroenr 
dicular to these, and, at the same time, perpendicular to the face, 
or to the back of the wall, according to tlie position of the stones 
in the mass ; two essential points will thus be attained ; the an- 
gles of the blocks, at the top and bottom of tlic course, and at the 
face or back, will be right angles, and the block will tlierefore be 
OS strong as tlie nature of tlie stone will admit. The principles 



fieie applied to a vertical wall, are applicable in all caaca what- 
CTCr may be the direction of the pressure and the form of tlie ex- 
terior surfaces, whether pane or curved. 

352. A modification oi this principle, however, may in some 
cases be requisite, arising from the strength of the stone. It is 
laid down as a rule, drawn from the experience of builders, thai 
HO stone work with angles less than 60° will offer sufficient 
strength and durability to resist accidents, and the effects of the 
weather. If, therefore, the batter of a wall should be greater llian 
60", which is about 7 perpendicular to 4 base, the horizontal 
joints (Fig. 6) must not be carried out in the same plane, to the 
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face or back, but be broken off at right angles to it, BO as to 
form a small abutting joint of about 4 inches in thickness. Ai 
the batter of walls is seldom so great as this, except in some cases 
of sustaining walls for the side slopes of earthen embankments, 
this modification in the joints will not often occur ; for, in a 
greater batter, it will generally be more economical, and the 
construction will be stronger, to place the stones of the exterior in 
offsets, the exterior stone of one course, being placed within the 
exterior one of the course below it, so as to give the required 
general direction of the batter. The arrangement with offsets 
has the farther advantage in its favor of not allowing the rain 
water to lodge in tlie joint, if the offset be slightly bevelled off. 

353. Workmen, unless narrowly watched, seldom take the pains 
Decessary to dress the beds and joints accurately ; on the con- 
trary, to obtain what are termed close Joints, they dress the iointa 
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with accuracy a few inches only from the outward surface, and 
then chip away the etone towards the bacK, or tail, (Fig. 7,) bo 
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tJiat, w hen the bloci, is set, it will be in contact with ihe adjacent 
■tones, only through >iit this very small extent of bearing surface 
This practice is objectionable under every point of view; for, 
in the first place, it gives an extent of "bearing surface, whicli 
being generally inadequate to resist the pressure thrown on it, 
causes the block to splinter off at the joint ; and in the second 
])lace, to give the block ita proper set, it has to be propped be- 
neath by small bits of stone, or wooden wedges, an operation 
termed pinning'Uv, or under-pinning, and these props, causing 
the pressure on the block to oe thrown mi a few points of the 
lower surface, instead of being equally diffused over it, expose 
the stone to crack. 

3j4, When the facing is of cut stone, and the backing of rub- 
ble, tlie method of thinning off the block may be allowed for the 
Eurpose of forming a belter bond between the rubble and ashlar ; 
ul, even in this case, the block should be dressed tnie on each 
ioint, to at least one foot back from the face. If there exists any 
cause, which would give a tendency to an outward thrust from 
the back, then, instead of thinning off all the blocks towards the 
tail, it will be preferable to leave the tails of some thicker than 
the parts which are dressed. 

355. Various methoda are used by builders for the bond of cut 
atone. The system, termed headers and stretchers, in which the 
vertical joints of the blocks of each course alternate with the ver- 
tical joints of the courses above and below it, or as it is termed 
break jointsv/ilh them, is the most simple, and offers, in most cases, 
all requisite solidity. In this system, (Fig, 8,) the blocks of each 
course are laid alternately with their greatest and least dimensions 
to the face of the wall ; those which present the longest dimen- 
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lion along the face, are termed stretchers ; the others, headen 
If the header reaches from the fece to the back of the wall, it u 
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termed a through; if it only reaches part of the distance it ii 
termed a binder. The vertical joints of one course are eithei 
just o^er the middle of tlie blocks of the next course below, or 
else, at least four inches on one side or the other of the vertical 
joints of that course ; and the headers of one course rest as nearly 
as practicable on the middle of the stretchers of the course be- 
neath. If the backing is of rubble, and the facing of cut stone, a 
system of throughs or binders, similar to what has just been ex- 
plained, must be used. 

By the arrangement here described, the facing and backing of 
each course are well connected ; and, if any unequal settling 
takes place, the vertical joints cannot open, as would be tlie case 
were they in a continued line from the top to the bottom of the 
mass ; as each block of one course confines the ends of the two 
blocks on which it rests in the course beneath. 

356. In masses of cut stone exposed to violent shocks, as those 
of which light-houses, and sea-walls in very exposed positions 
are formed, the blocks of each course require to be not only very 
firmly united with each other, but also with the courses above 
and below them^ To effect this, various means have been used. 
The beds of one course are sometimes arranged with projections 
(Fig. 9,) which fit into correspondins indentations of the next 
rourse. Iron cramps in the form of the letter S, or in any other 
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Fig. 9 — Representi 
an elevation A, 
plan B, and per- 
spective views C 
and D of two of 
the blocks of a wall 
in which the blocla 
are fitted with in- 
dents, and connect- 
ed with bolts and 
cramps of Doetal. 



jhape that will answer the purpose of giving them a firm hold on 
the blocks, are let into the top' of two blocks of the same course 
at u, vertical joint, and are firmly set with melted lead, or with 
bol<», so as to confine the two blocks together. Holes are, in 
some cases, drilled through several courses, and the blocks of 
these courses are connected by strong iron bolts fitted to the 
holes. 

I'he most noted examples of these methods of strengthening 
the Oond of cut stone, are to be found in tlie works of the Komanf 



which have been preserved to our tune, and in ino (elebrated 
modem structures, the Eddy-stone and Bell-rock light-^iouses ii 
Great Britain. (Fig. 10.) 
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357. The manner of dressing stone belongs to the stonecutter*! 
Art, but the engineer should not be inattentive either to the accu- 
racy with whicn the dressing is performed, or the means employed 
to effect it. The tools chiefly used by tlie workman are the 
chisel, axe, and liatnmer for knotting. The usual manner of dress- 
ing a surface, is to cut draughts around and across the stone with 
the chisel, and tlien to use the chisel, the axe with a serrated edge, 
or the knotting hammer, to work down the intermediate portions 
into the same surface with the draughts. In performing this last 
operation, (he chisel and axe should alone be used for soft stones, 
as the grooves on the surface of the hammer are liable to become 
choked by a soft material, and the stone may in consequence be 
materially injured by the repealed blows of the workman. In 
hard stones this need not be apprehended. 

In large blocks which require to be raised by machinery, a 
hole, of the shape of an inverted tnmcated wedge, is cut to receive 
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A amall iron instrument termed a lewis, (Fig. 11,) to which the 
rope is attached for suspending the block ; or else two holes arc 
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cut obliquely into the block to receive bolls with eyes for the 
saine purpose. 

When a block of cut stone is to be laid, the first point to be 
attended to, is to examine the dressing, which is done by placing 
the block on its bed, and seeinfir that the joints fit close, and the 
face is in its proper plane. If It be found that the fit is not accu- 
-ate, the uiaccuracies are marked, and llie requisite changes made. 
The bed of the course, on which thei block is to be laid, is tlien 
Jioroughly cleansed from dust, &c., and well moistened, a ted 
of thin mortar is laid evenly over it, and the block, the lower sur* 
face of which is first cleansed and moistened, is laid on the mor- 
tar-bed, and well settled by striking it with a wooden mallet. 
When the block is laid against anotlier of the same course, the 
joint between them is prepared with mortar in the same manner 
as the bed. 

358. Rubble Stone Masonry, With good mortar, rubble 
work, when carefully executed, possesses all the strength and 
durabihty required in structures of an ordinary character ; and it 
is much less expensive than cut stone. 

369. The stone used for tliis work should be prepared simply 
by knocking off all the sharp, weak angles of the block ; it is then 
cleansed from dust, &c., and moistened, before placing it on its 
bed. This bed is prepared by spreading over the top of the lower 
course an ample quantity of good ordinary-tempered mortar, mto 
which the stone is firmly imbedded. The interstices between the 
larger masses of stone are filled in, by thrusting small fragments, 
or chippings of stone, into the mortar. Finally, the whole course 
may be carefully grouted before another is commenced, in order 
to fill up any voids left between the full mortar and stone. 

360. To connect the parts well together, and to strengthen the 
*veak points, throughs or binders should be used in all the courses ; 
and the angles should be constructed of cut or hammered stone. 
In heavy walls of rubble masonry, the precaution, moreover, 
should be observed, to lay tlie stones on their quarry-bed ; that 
is, to give them the same position, in the mass of masonry, that 
they had in the quarry ; as stone is found to offer more resistance 
to pressure in a direction perpendicular to the onarry-bcd, tlian 
in any other. The directions of the lamina in fetratified stones, 
show the position of the quairy-bed. 

361. Hammered stone, or dressed rubble, is stone roughly 
fashioned into regular masses with the hammer. The same pre 
cautions must be taken in laying this kind of masonry, as in the 
two preceding. 

362. Brick Masonry. With good brick and mortar, this ma 
Bonry offers great strength and durability, arising from the stiong 
adhesion between the mortar and brick. 

15 
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363. The b<ind used in brick work is very various, depenJing 
on the chiiracter of the structure. The most usual kinds are 
Known as the English and Flemish. The first consists in ar- 
ranging the courses alternately, entirely as headers or stretchers, 
the bricks through the course breaking joints. In the second the 
bricks are laid as headers and stretchers in each course. The 
first is stated to give a stronger bond than the last, the bricks of 
which, owing to the difiiculty of preventing continuous joints, 
either in the same or different courses, are liable to separate, 
causing the face or the back to bulge outward. The Flemish 
bond presents the finer architectural appearance, and is therefore 
preferred for the fronts of edifices. 

364. Timber and iron have both been used to strengthen the 
bond of brick masonry. Among the most remarkable example.^ 
of their uses are the well, faced in brick, forming an entrance to 
the Thames Tunnel, the celebrated work of Mr. Brunei, and his 
experimental arch of brick, a description of which is given in the 
Civil Engineer and Architects Journal, No. 6, vol. I. In both 
these structures Mr. Brunei used pantile laths and hoop iron, in 
the interior of the horizontal courses, to connect two contiguous 
courses throughout their length. The eflicacy of this method 
has been farther fully tested by Mr. Brunei, in experiments made 
on the resistance to a transversal strain of a brick beam bonded 
with hoop iron, accounts of which, and of experiments of a like 
kind, are given by Colonel Pasley in his work on Limes, Calca- 
reous Cements, &c. 

365. The mortar-bed of brick, may be either of ordinar}% or 
thin-tempered mortar ; the last, however, is the best, as it makes 
closer jomts, and, containing more water, does not dry so rapidly 
as the other. As brick has great avidity for water, it would al- 
ways be well not only to moisten it before laying it, but to allow 
it to soak in water several hours before it is used. By taking 
this precaution, the mortar between the joints will set more firmly 
than when it imparts its water to the dry brick, which it frequently 
does so rapidly as to render the mortar pulverulent when it has 
dried. 

FOUNDATIONS. 

366. The term foundation is used indifferently either for the 
lower courses of a structure of masonry, or for the artificial 
arrangement, of whatever character it may be^ on which these 
courses rest. For more perspicuity, the term bed of the founda- 
tion will be used in this work when the latter is designated. 

367. The strength and durability of structures of masonry de- 
pend essentially upon the bed of the foundation. In arranging 
Uiis, regard must be had not only to the permanent efforts wmc£ 



FOUNDATIONS. 115 

jhe bed may have to support, but to those of an accic'ental clia^ 
racter. It should, in all cases, be placed so far below the surface 
of the soil on which it rests, that it will not be liable to be un- 
covered, or exposed ; and its surface should not only be normal 
to the resultant of the efforts which it sustains, but this resultant 
should intersect the base of the bed so far within it, that the por- 
tion of the soil between this point of intersection and the outward 
edge of the base shall be broad enough to prevent its yielding 
from the pressure thrown on it. 

368. The first preparatory step to be taken, in determining the 
kind of bed required, is to ascertain the nature of the subsoil on 
which the structure is to be raised. This may be done, in or- 
dinary cases, by sinking a pit ; but where the subsoil is composed 
of various strata, and the structure demands extraordinary pre- 
caution, borings must be made with the tools usually employed 
for this purpose. • 

369. With respect to foundations, soils are usually divided 
into three classes : 

The Ist class consists of soils which are incompressible, or, at 
least, so slightly compressible, as not to affect the stability of the 
heaviest masses laid upon them, and which, at the same time, do 
not yield in a lateral direction. Solid rock, some tufas, compact 
stony soils, hard clay which yields only to the pick, or to blast- 
ing, belong to this class. 

The 2d class consists of soils which are incompressible, but 
require to be confined laterally, to prevent them from spreading 
out. Pure gravel and sand belong to this class. 

The 3d class consists of all the varieties of compressible soils ; 
under which head may be arranged ordinary clay, the common 
earths, and marshy soils. Some of this class are found in a more 
or less compact state, and are compressible only to a certain ex- 
tent, as most of the varieties of clay and common earth ; others 
are found in an almost fluid state, and yield, with faciUty, in ever)* 
direction. 

370. To prepare the bed for a foundation on rock, the thick- 
ness of the stratum of rock should first be ascertained, if there are 
any doubts respecting it : and if there is any reason to suppose 
that the stratum has not sufficient strength to bear the weight of 
the structure, it should be tested by a trial weight, at least twice 
\3 great as the one it will have to bear permanently. The rock 
;s next properly prepared to receive the foundation courses, by 
ievelUng its surface, which is effected by breaking down all pro- 
eating points, and filling up cavities, either with rubble masonry 

or with beton , and by carefully removing any portions of the up 
per stratum which present indications of having been injured by 
the weather. The surface, prepared in tliis manner, should, more 
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over, be perpendicular to the direction of the pressure ; if this if 
vertical, the surface should be horizontal, and so (ov any othci 
direction of the pressure. Should there, however, be any diflS- 
culty in so arranging the surface as to have it normal to tTie re- 
sultant of the pressure, it n)ay receive a position such that one 
component of the resultant sliall be perpendicular to it, and the 
other parallel ; the latter being counteracted by the friction and 
adhesion between the base of the bed and the surface of the rock. 
If, owing to a great declivity of the surface, the whole cannot be 
brought to the same level, the rock must be broken into steps, in 
order that the bottom courses of the foundation tliroughout, may 
rest on a surface perpendicular to the direction of the pressure. 
If fissures or cavities are met with, of so great an extent as to 
render the filling them with masonry too expensive, an arch must 
then be formed, resting on the two sides of the fissure, to support 
that part of the structure above it. 

The slaty rocks require most care in preparing them to receive 
a foundation, as their top stratum will generally be found injured 
to a greater or less depth by the action of frost 

371. In stony earths and hard clay, the bed is prepared by 
digging a trench wide enough to receive the foundation, and deep 
enough to reacli the compact soil which has not been injured by 
the action of frost : a trench from 4 to 6 feet, will generally be 
deep enough for this purpose. 

372. In compact gravel, and sand, where there is no'liabihty 
to lateral yielding, either from the action of rain or any other 
cause, the bed may be prepared as in the case of stony eartlis. 
If there is danger from lateral yielding, the part on which the 
foundation is to rest must be secured by confining it laterally by 
means of sheeting piles, or in any other way that will ofifer suffi- 
cient security. 

373. In laying foundations on firm sand, a further precaution 
is sometimes resorted to, of placing a platform on the bottom of 
the trench, for the purpose oi distributing the whole weight more 
uniformly over it. This, however, seems to be unnecessary ; for 
if the bottom courses of the masonry are well settled in their bed, 
there is no good reason to apprehend any unequal settling from the 
effect of the superincumbent weight : whereas, if the wool of the 
platform should, by any accident, give way, it would leave a part 
of the foundation without any support 

When the sand under the bed is liable to injury from springs 
they must be cut oif, and a platform, or, still better, an area of 
beton should compose the bed, and this should be confined on alt 
sides between walls of stone, or beton sunk below the bottom of 
tile bed. 

374. If, in opening \ trench in sand, water is found at a slighf 
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deptli, and in such quantity as to impede the labors of the ^ork 
men and the trench cannot be kept dry by the use of pumps o! 
scoops, a row of sheeting piles must be driven on each side of 
the space occupied by it, somewhat below the bottom of the bed, 
the sand on the outside of the sheeting piles be thrown out, and 
its place filled with a puddhng of clay, to form a water-tight en- 
closure round the trench. The excavation for the bed is then 
commenced ; but if it be found that the water still makes rapidly 
at the bottom, only a small portion of the trench must be opened, 
and after the lower courses are laid in this portion, the excavation 
will be gradually effected, as fast as the workmen can execute 
the work without difficulty from the water. 

375. Th J beds of foundations in compressible soils require pe- 
culiar care particularly when the soil is not homogeneous, pre- 
senting moie resistance to pressure in one point than in another ; 
for, in tliai case, it will be very difficult to guard against unequal 
settling. 

376. In ordinary clay, or earth, a trench is dug of the proper 
width, and deep enough to reach a stratum, beyond the action of 
frost ; the bottom of the trench is then levelled off to receive the 
foundation. This may be laid immediately on the bottom, oi 
else upon a grillage and platform. In the first case, the stones 
forming the lowest course, should be firmlv settled in then 
beds, by ramming them with a \cjry heavy beetle. In the second 
a timber grating, termed a grillage (Fig. 12,) which is formed 
of a course of heavy beams laid lengthwise in ilic trench, anv' 
connected firmly by cross pieces into which they are notched, it 
firmly settled in the bed, and the earth is solidly packed between 
the Ipngitudinal and cross pieces ; a flooring of thick planks, 
termed a platform, is then laid on the gridage, to receive the 
lowest course of the foundation. The object of the grillage, and 




Fig. 12— Represents the arnuiKemcnt of a milloge and 

platfoim fitteil on pileti. 
A, masonry. 
CM, piles. 
6, string pieces, 
c, cross pieces, 
a, cappnig piece. 
e, plaUorni of piank. 



E>latform, is to diffuse the weight more uniformly over the f^ur- 
ace of the trench, to prevent any part from yielding. 
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377. Repeated failures in grillages and platfonns, arising eithei 
from the compression of the woody fibre, or fri)m a transversa] 
strain occasioned by the subsoil offering an unequal resistance^ 
have impaired confidence in iheir efficacy. Engineers now pre 
fer beds formed of an area of beton, as offering more security thao 
any bed of timber, either in a uniformly, or unequally compressi- 
ble soil. 

37d. The preparation of an area of beton for the bed of a 
foundation, will depend on the circumstances of the case. In 
ordinary cases the oeton is thrown into the trench, and carefully 
rammed in layers of 6 or 9 inches, until the mortar collects in a 
semi-fluid slate on the top of the layer. If the base of the bed is 
to be broader than the top, its sides must be confined by boards 
suitably arranged for this purpose. Whenever a layer is left in- 
complete at one end, and another is laid upon it, an offset should 
be left at the unfinished extremity, for the purpose of connecting 
the two layers more firmly when the work on the unfinished pari 
is resumed. 

Considerable economy may be effected, in the quantity of be- 
ton required for the bed, by using larce blocks of stone which 
should be so distributed throughout tlie layer, that the beetle will 
meet with no difficulty in settling the beton between and around 
the blocks. 

When springs rise through the soil over which the beton is to 
be spread, the water from tnem must either be conveyed oflf by 
artificial channels, which will prevent it rising througii the mase 
of beton and washing out the lime ; or else strong cloth, prepared 
so as to be impermeable to water, may be laid over the surface 
of the soil to receive the bed of beton. 

The artificial channels for conveying off the water may be 
formed either of stone blocks with semi-cylindrical channels cut 
in them, or of semi-cylinders of iron, or tiles, as may be most 
convenient. A sufficient number of these channels should be 
formed to give an outlet to the water as fast as it rises. 

• An impermeable cloth may be formed of stout canvass, pre- 
pared with bituminous pitch and a dtying oil. It is well to have 
the cloth doubled on each side with ordinary canvass to prevent 
accidents. The manner of settling the cloth on the sunace of 
tlie soil must depend on the circumstances of the case. 

Each of tlie foregoing expedients for preventing the action of 
springs on an area of beton, has been tried with success. When 
artificial channels are used, they may be completely choked sub 
seq\iently, by injecting into them a semi-fluid hydraulic cement, 
and the action of the springs be thus destroyed. 

Foundation beds of beton are frequently made without exhaust- 
ing Uie water from the area on which thoy are laid. For thii 
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purpose the beton is thrown in layers over the area, by using 
either a wooden conduit reaching nearly to the position of the 
layer, or else by placing the beton (Fig 13) in a box by which it 
is lowered to the position of the layer, and from which it is de 
posited so as not to permit the water to separate tlie lime from 
the other ingredients. 



Fig. 13— Represents an end 
view A of a semi-cylindri- 
cal box for lowering beton 
in water, and B the same 
view of the box when open^ 
ed to let the beton fall 
through. 

0, hinge around which the 
halves of the box open. 

a, rope tackling for lowering 
box. 

6, pin, or catch to fasten th« 
two parts of the box. 

c, cord to detach the pin and 
open the box. 



Should it be found that springs boil up at the bottom, it must 
be covered with an impermeable cloth. 

379. In marshy soils, the principal difficulty consists in form- 
mg a bed sufficiently firm to give stability to the structure, owing 
to the yielding nature of the soil in all directions. 

The following are some of the dispositions that have been tried 
with success in this case. Short piles from 6 to 12 feet long, 
and from 6 to 9 inches in diameter, are driven into the soil as 
close together as they can be crowded, over an area considerably 
greater than that which the structure is to occupy. The heads 
of the piles are accurately brought to a level to receive a grillage 
and platform ; or else a layer oi clay, from 4 to 6 feet thick, is 
laid over the area thus prepared with piles, and is either solidly 
rammed in layers of a foot thick, or submitted to a very heavy 
pressure for some time before commencing the foundations. The 
object of preparing the bed in this manner, is to give the up- 
per stratum of tlie soil all the firmness possible, by subjecting 
It to a strong compression from the piles ; and when tliis has 
been effected, to procure a firm bed for the lowest course of the 
bundation by the grillage, or clay bed; by these means the 
whole pressure will be uniformly distributed throughout the en- 
tire area. This case s also one in which a bed oi beton would 
replace, with great advantage, either the one of clay, or the 
grillage. 

The purposes to which the short piles are applied in this case 
is different from the object to be attained usually in ihe employ 
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ment of piles for foundations ; which is to transmit the weight of 
the structure that rests on the piles, to a furra incompressible soil, 
overlaid by a compressible one, that does not oner sufficient 
firmness for the bed of the foundation. 

380. When a firm soil is overlaid by one of a compressible 
character, and its distance below the surface is such that it can be 
reached by piles of ordinary dimensions, they should be used in 
preference to any other plan, when they can be rendered durable, 
on account of their economy and the security they afibrd. 

To prepare the bed to receive the foundations in this case, 
strong piles are driven at equal distances apart, over tlie entire 
area on which the structure is to rest. These piles are driven, 
until they meet with a firm stratum below the compressible one, 
which offers sufficient resistance to prevent them from penetra- 
ting farther. 

381. Piles are generally from 9 to 18 inches in diameter, with 
ft length not above 20 times the diameter, in order that they may 
not bend under the stroke of the ram. They are prepared for 
driving, by stripping them of their bark, and paring down the 
knots, so that the friction, in driving, may be reduced as much as 

Eossible. The head of the pile is usually encircled by a strong 
oop of wrought iron, to prevent the pile from being split by the 
action of the ram. The foot of the pile may receive a shoe 
formed of ordinary boiler iron, well fitted and spiked on ; or a 
cast-iron shoe of a suitable form for penetrating the soil may be 
cast around a wrought-iron bolt, by means of winch it is fastened 
to tlie pile. 




Fig. 14— Represents a Bection through the vna of « cast-iroa ahoe and 
wrought-iroa bolt for a pile 



382. A machine, termed a pile engine, is used for driving 
piles. It consists essentially of two uprights firmly connected 
at top by a cross piece, and of a ram, or monkey of cast iron, for 
driving the pile by a force of percussion. Two kinds of en- 
ijines are in use ; the one termea a crcA engine, from the ma- 
chinery used to hoist tlie ram to the height from which it is to 
fall on the pile ; the other the ringing engine, from the monkey 
being raised by the sudden pull of several men upon a rope, 
by which the ram is drawn i.p a few feet to descend on the 
pile. 

riie crab engine is by far the more powerful machine, but on 
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this account is inapplicable in some cases, as in the driyL g of 
cast-iron piles, where the force of the blow might destroy the 
pile ; also in long slender piles it may cause the pile to spring sa 
much as to prevent it from entering the subsoil. 

The manner of driving piles, and the extent to which they may 
be forced into the subsoil, will depend on local circumstances. It 
sometimes happens that a hea^ry blow will effect less than several 
slighter blows, and that piles alter an interval between successive 
volleys of blows, can with difficulty be started at first. In some 
cases the pile breaks below the suiface, and continues to yield to 
the blows, by the fibres of the lower extremity being crushed. 
These difficulties require careful attention on the part of the en- 

flneer. Piles should be driven to an unyielding subsoil. The 
rench civil engineers have, however, adopted a rule to stop 
the driving when the pile has arrived at its absolute stoppage, 
tliis being measured by the farther penetration into the subsoil 
of about yyths of an inch, caused by a volley of thirty blows 
from a ram of 800 lbs., falling from a height of 5 feet at each 
blow. 

383. If the head of a pile has to be driven below the level to 
which the ram descends, another pile, termed a punch, is used 
for the purpose. A cast-iron socket of a suitable form embraces 
the head ot the pile and the foot of the punch, and the eflfect of 
the blow is thus transmitted through the punch to the pile. 

384. When a pile from breaking, or any other cause, has to be 
drawn out, it is done by using a long beam as a lever for the pur- 
pose ; the pile being attached to the lever by a chain, or rope 
suitably adjusted. 

385. The number of piles required, will be regulated by the 
weight of the structure. An dlowance of 1000 pounds on each 
square inch will ensure safety. The least distance apart, at 
which tlie piles can be driven with ease, is about 2^ feet between 
tlieir centres. If tlicy are more crowded than this, they may 
force each other up, as they arc successively driven. When this 
is found to take place, the driving should be commenced at the 
centre of the * rea, and the pile should be driven with the butt end 
downward. 

386. From experiments carefully made in France, it appears 
that piles which resist only in virtue of the friction arising from 
the compression of the soil, cannot be subjected with safety to a 
load greater than one fifth of that which piles of the same dimen- 
sions "Viill safely support when driven into a firm soil. 

387. After tiic piles are driven, they aie sawed ofi" to a level, 
to receive a grillage and, platform for the foundation. A large 
beani, termed a capping, is first placed on the heads of the ouU 
side row of piles, to which it is fastened by means of wooden 

16 
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pins, or tree-naivs driven into an auger-hole, made through the 
cap into the head qf each pile. After the cap is fitted, longitudi 
nal beams, termed string pieces^ are laid lengthwise on the heada 
of each row, and rest at each extremity on the cap, to which they 
are fastened by a dove-tail joint and a wooden pin. Another series 
of beams, termed cross pieces^ are laid crosswise on the string 
pieces, over the heads oi each row of piles. The cross and string 
pieces are connected by a notch cut into each, so that, when put 
togetlier, their upper surfaces may be on the same level, and they 
are fastened to tlie heads of the piles in the same manner as the 
capping. The extremities of tlie cross pieces rest on the capping, 
and are connected with it, Uke the string pieces. 

The platform is of thick planks laid over the grillage, with 
the extremity of each plank resting on the capping, to which, 
and to the string and cross pieces, the planks are fastened by 
nails. 

The capping is usually thicker tlian the cross and string pieces 
by the thickness of the plank ; when this is the case, a rabate, 
about four inches wide, must be made on the inner edge of the 
capping, to receive the ends of the planks. 

3b8. An objection is made to the platform as a bed for the 
foundation, owing to the want of adhesion between wood and 
mortar ; from which, if any unequal settling should take place, 
die foundations would be exposed to slide off the platform. To 
obviate this, it has been proposed to replace the grillage and plat- 
form by a layer of beton resting partly on the heads of the piles, 
and partly on the soil between them. This means would furnish 
a firm bed for the masonry of the foundations, devoid of the ob- 
jections made to the one of timber. 

To counteract any tendency to sliding, the platform may be 
inclined if there is a lateral pressure, as in the case, for example, 
of the abutments of an arch. 

389. In soils of alluvial formation, it is common to meet with 
a stratum of clay on tlie surface, underlaid with soft mud, in 
which case, the driving of short piles would be injurious, as the 
tenacity of the stratum of clay would be destroyed by the oper- 
ation. It would be better not to disturb the upper stnitum 
in this case, but to give it as much firmness as possible, by 
ramming it with a heavy beetle, or by submitting it to a heavy 
pressure. 

390. Piles and sheeting piles of cast iron have been used with 
complete success in England, both for the ordinary purposes of 
cofferdams, and for permanent structures for wnarfing. The 

Ciles have been cast of a variety of foijns ; in some ca&as thev 
ave been cast hollow for the purpose of excavating the soil 
within the pile as it was driven, and thus facilitate its peuetratioA 



iiflo the subaoil. Fig. 15 represents a cross section of cne of thi 
more recent arrangements of iron piles and sheeting piles. 



n^ :S— Repruenli kboriumtalaectianuraii BUBOguiKat of piln andiheetiag 
a, aiieetiiii pile with k lap c to cover the joint between it and Uie tnit riieelins 



h, plJee with a lap OD each aide. 

c, iheetiiiM pile lapped b;' pile and eheeting pile i 

d, tihe of piles and iheelJiiK pilra. 



391. Sand has also been used with advantage to form a bed 
for foundations in a very compressible soil. For this purpose 
a trench is (Fig. 16) excavated, and filled with sand ; the sand 
being spread in layers of about 9 inches, and each layer being 
finnly settled by a heavy beetle, before laying the next If water 



■hould make rapidly in the trench, it would not be practicable la 
aack the sand in layers. Instead, therefore, of opening a trench. 



FiK. n— Rerr«ont«aeeetionor«fooii- 
dntion bed made by flUing hole* wiU 



I about 6 feet deep, and 6 inches in diameter, (Fig. 17 J 
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«houId be made, by means of a short pile, as close togettier ai 
practicable ; when the pile is withdrawn jfom the hole, it is ijn- 
mediately filled with sa .d. To cause :he sand to pack firmly, it 
should be slightly moi&tened before placing it in the holes, ox 
trencii. 

Sand, when used in this waVi possesses the valuable property 
of assuming a new position oi equilibrium and stability, snould 
the soil on which it is laid yield at any of its points. Not only 
does this take place along the base of the sand bed, but also along 
the edges, or sides, when these are enclosed by the sides of the 
trench made to receive the bed. This last point oflfers also some 
additional security against yielding in a lateral direction. The 
bed of sand must, in all cases, receive sufficient thickness to cause 
ihe pressure on its upper surface to be distributed over the entire 
base. 

392. When, from the fluidity of the soil, the vertical pressure 
of the structure causes the soil to rise around the bed, this action 
may be counteracted, either by scooping out the soil to some depth 
around the bed and replacing it by another of a more compact 
nature, well rammed in layers, or with any rubbish of a solid 
character ; or else a mass of loose stone may be placed over the 
surface exterior to the bed, whenever the character of the struc- 
ture will warrant the expense. 

393. Precautions agaiiist Lateral Yielding, The soils which 
have been termed compressible, strictly speaking, yield only by 
the displacement of their particles either in a lateral direction, or 
upward around the structure laid upon them. Where this action 
arises from the effect of a vertical weight, uniformly distributed 
over the base of the bed, the preceding metliods for giving per- 
manent stability to structure, present all requisite security. But 
when the structure is subjected also to a lateral pressure, as for 
example, that which would arise from the action of a bank of 
earth resting against the back of a wall, additional means of secu- 
rity are demanded. 

One of the most obvious expedients in this case, is to drive a 
row of strong square piles in juxtaposition immediately in contact 
with the exterior edges of the bed. Tliis expedient is, however, 
only of service where the pies attain either an incompressible 
soil, or one at least firmer than that on which the bed imme- 
diately rests. For otherwise, as is obvious, the piles only serve 
to transmit the pressure to the yielding 'soil in contact witfi them 
But where they are driven into a fSm soil below, they gain a 
fixed point of resistance, and the only insecurity they offer is 
either by tlie rupture of the piles, from the cross strain upon 
them, or from the yielding of the firm subsoil, from the same 
cause 
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In case the piles reach a firm subsoil, it vriil be beet to scoop 
out tlie upper yielding soil before driving the pilex and to Jill in 
between and around them with loose oroken stone, (Fig. 18.1 
This will give the piles greater stiffness, and effectually prevent 
them from spreading at top. 



Ihem from yi< 

A, •fclior of the niMOiiry. 

B, loOHo stoQe thrown around Iha wtm a 



W'hen the piles cannot be secured by attaining a firm subsoil, 
it will be better to drive them around the area at some distance 
from the bed, and, as a farther precaution, to place horizontal 
buttresses of masonry at regular intervals from the bed to the 
piles. By this arrangement, some additional security is gained 
from the counter-pressure of the soil enclosed between the bed 
and the wall of piles. But it is obvious that unless the piles in 
this case are driven into a firmer soil than tliat on which the struc- 
ture rests, tliere wil] still be danger of yielding. 

In using horizontal buttresses, the stone of which Uiey are con- 
structed should be dressed with care ; their extremities near the 
wall of piles should be connected by horizontal arches, (Fig. 19,) 
to distribute the pressure more unifonniy ; and where tliere is an 
upward pressure of the soil around the structure, arising from it? 
weight, the buttresses ought to be in the form of reversed arches. 

In buttresses of this kind, as likewise in broad areas resting on 
a very yielding soil, since as much danger is to be apprehended 
from their breaking by tlieir own weight as from any other cause, 
it must be carefully guarded against. Something may be done 
for this purpose by ramming the earth around the structure with 
ft heavy beetle, when it can be made more compact by this means ; 
Br else a part of the upper soil may be removed, and be replaced 
by one of i more compact nature which may be rammiid ic 
hyers 



Fir. IB— R«|)n«iitg the muiiier oT pra- 
TmlJna a uulaiDiog wuil from TieldiDg 
latenlurto a Ihrust behind il, bj' iiaiii( 
hotiioutal buttrenea of nveiwil archt* 
abulUng against vertical cnuntcr aroliea. 

A, vertical aectioD of wall, buttr c i n , and 

B. plan of wail, I 

a. plan of wa)]. 

b, Bectiou oTdo 



The following methods, where they can be resorted to, and 
where the character of the structure will justify the expense, have 
been found to offer the best security in the case in question. 

When the bed can be buttressed in front with an embankment, 
a low counter-wall (Fig. 20) may be built parallel to the edge of 
the bed, and some 10 or 12 feet from it; between this wall and 
tlie bed a reversed arch connecting the two may be built, and a 
surcharge of earth of a compact character and well rammed, may 
be placed against the counter wail to act by its counter pressure 
Against the lateral pressure upon the bed. 

Fill, so— Repreaenla the man- 
ner of bultreeBitw a Buatain- 
in)( wail in front by the ac- 
tion of a codoter preaHure of 
eartli Iransmilled to the wall 
by a roverseil arch. 

a, sMtioa of Bintaiiiing wall. 

b, HCtion of auMaining wall 
□f embankment d. 

c, section of revened arch. 
a, section of embankment 

from wIj i c>i counter [>re«ura 

e, section of embanlonenl bs- 



When the bed cannot be buttressed in front, as in quay walls, 
a grillage and platform supported on piles (Fig. 21) may do built 
to the rear from the back of the wall, for the purpose of suppcirt- 
i»g the embankment against the back of the wall, and preventing 
the effect which its pressure on the subsoil might have in thrust 
iag forward the bed of the foundation. 

Ill addition to these means, land ties of iron will give grest ad 
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ditional secunty, when a fixed point in rear of the wall can Iw 
found to attach ^em firmly. 



Tig. 91— RerraKnls the maniM r sf i» 

lievms ■ Huslaininir wull from Uw 
lalera] Bctioti cBUBol by Ihs nrtsnini 
dC sn emlKDlfniFiil an Ihe niWil bf 
meaiiB of a piaLfonn built behmU Uii 

A, secl^on of the wall. 
B,s«!tionofemb(iiik-meiit. 

a, piles supporting Uiegrillage ami ptat. 

b, locee stone forming a Rna bed un- 
der Die plalfanna. 

e, |iil<e sqpportiug ttie plalfonn d tw> 
liind (tie wall 



394. Foundations in Water. In laying foundations in water, 
two diflSculties have to be overcome, both of which require great 
resources and care on the part of the engineer. The first is found 
in the means to be used in preparing the bed of the foundation ; 
and the second, in securing the bed from the action of the water, 
to ensure the safety of the foundations. The last is, generally, 
the more difficult problem of the two ; for a current of water will 
gradually wear away, not only every variety of loose soils, but 
also the more tender rocks, such as most varieties of sand-stone, 
and the calcareous and argillaceous rocks, particularly when they 
are stratified, or are of a loose texture. 

395. To prepare the bed of a foundation in stagnant water, 
the only difficulty that presents itself is to exclude tiie water from 
the aiea on which the structure is to rest. If the depth of water 
ie not over 4 feet, this is done by surrounding the area willi an 
ordinary water-tight dam of clay, or of some otiier binding earth. 
For this purpose, a shallow trench is fonned around the area, by 
removing the soft, or loose stratum on the bottom ; the foundation 
of the dam is commenced by filling this trench willi the clay, and 
the dam is made by spreading successive layers of clay about one 
foot t'lick, and pressmg each Hyer as it is spread, to render it 
more f;omp*vct. When the dam s completed, tlie water is pumped 
out from the enclosed area, and he bed for the foundation is pre- 
pared ad on dry land. 

39fi When the depth of stagnant water is ovei* 4 feet, and in 
running water, of any depth, the ordinary dam must be replaced 
by the coffer-dam. This construction consists of two rowi of 



1S8 HASoirnr, 

dank, termed sheeting piles, driven into the soil vertically, form 
ing llius a coffer work, between wliicli clay or binding earlli, 
termed the puddling, is filled in, to form a water-tighj daiii to ex- 
clude the wntcr from the area enclosed. 

The arrangement, construction, and dimensions of coffer dams 
depend on llieir specific object, the depth of water, and the nature 
of the Bubscjl on which the coffer-dam rests. 

With rcgaini to the first point, the width of the dam between 
the sheeting piles should be so regulated as to serve as a scaffold- 
ing for Uie machinery and materials required about the work. 
This is peculiarly requisite where the coffer-dam encloses an isola- 
ted position removecl from the shore. The interior space enclosed 
by tne dam should have the requisite capacity for receiving the 
bed of the foundations, and sucli materials and machinery as may 
be required within the dam. 

The widlh, or thickness of the coffer-dam, hv which is under- 
stood the disUnce between the sheeting piles, should be sufficient 
not only to be impermeable to water, but to form, by the weight 
of the puddling, in combination with the resistance of the timber 
work, a wall of sufficient strength to resist the horizontal pressure 
of the water on u.e exterior, when the interior space is pumped 
dry. The resistance offered by the weight of the puddling to the 
pressure of the water can be easily calculated ; that offered by 
the timber work will depend upon the manner in wliich the 
framing is arranged, and the means taken to stay, or buttress the 
ilam from the enclosed space. 

The most simple and the usual construction of a coffer-dam 
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(Fig. 22) consists in driving a row of ordinary straight pilet 
around the area to be enclosed, placing their centre lines about 4 
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feet asunder. A second row is driven parallel to the first, the 
respective piles being the same distance apart ; the distance be 
tween the centre lines of the two rows being so regulated as to 
leave the requisite thickness between the sheeting piles for the 
dam. The piles of each row are connected by a horizontal beam 
of square timber, termed a string or wale piecCy placed a foot or 
two above the highest water line, and notched ana bolted to each 
pile. The string pieces of the inner row of piles is placed on tlie 
side nert to the area enclosed, and those of the outer row on the 
outside. Cross beams of square timber connect the string pieces 
of the two rows, upon which they are notched, serving both to 
prevent the rows of piles from spreading from the pressure that 
may be thrown on them, and as a joisting for the scaffolding. On 
the opposite sides of the rows, interior string pieces are placed, 
about the $ame level with the exterior, for the purpose of serving 
both as guides and supports for the sheeting piles. The sheeting 
piles being well jointed, are driven in juxtaposition, and against 
the interior string pieces. A third course of string, or ribbon 
pieces of smaller scantling confine, by means of large spikes, the 
sheeting piles against the interior string pieces. 

As has been stated, the thickness of the dam and the dimen- 
sions of the timber of which the cojQfer work is made, will depend 
upon the pressure due to the head of water, when the interior 
space is pumped dry. For extraordinary depths, the engineer 
would not act prudently were he to neglect to verify by calcula- 
tion the equilibrium between the pressure and resistance ; but for 
ordinary depths under 10 feet, a rule followed is to make the 
thickness of the dam 10 feet ; and for depths over 10 feet to give 
an additional thickness of one foot for every additional depth of 
three feet. This rule will give every security against filtrations 
through the body of the dam, but it might not give sufficient 
strength unless the scantling of the coffer work were suitably in- 
creased in dimensions. 

In very deep tidal water, cofier-dams have been made in off- 
sets, by using three rows of sheeting piles for the purpose of 
fiving greater thickness to the dam below the low-water level. 
n such cases strong square piles closely jointed and tongued and 
grooved, should be used in place of the ordinary sheeting piles. 

Besides providing against the pressure of the head of^water, 
suitable dimensions must be given to the sheeting piles, in order 
tliat they may sustain the pressure arising from the puddling when 
the interior space is, emptied of water. This pressure against the 
mterior sheeting piles may be farther increased by that of th e e\ 
lerior water upon the exterior sheeting piles, should the pressure 
ol the latter be greater than the former. To provide more se- 
tuiely against the effect of these pressures, intermediate string 

17 
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pieces may be placed against the interior row of piles tefore dii 
sheeting piles are driven ; and the opposite sides of the dam od 
the interior may be buttressed by cross pieces reaching across the 
top string pieces, and by horizontal beams placed at intermediate 
points between the top and bottom of the dam. 

The main inconvenience met with in coffer-dams arises frcxn 
the difficulty of preventing leakage under the dam. In all cases 
the piles must be driven into a firm stratum, and the sheeting 
piles should equally have a firm footing in a tenacious compact 
sub-stratum. When an excavation is requisite on tlie interior, to 
uncover the subsoil on which the bed of the foundation is to be 
laid, the sheeting piles should be driven at least as deep as this 

Joint, and somewhat below it if the resistance offered to the 
riving does not prevent it. 
The puddling should be formed of a mixture of tenacious clay 
and sand, as this mixture settles better than pure clay alone. 
Before placing the puddling, all the soft mud and loose soil be- 
tween the sheeting piles should be carefully extracted ; the pud- 
dling should be placed in and compressed^ in layers, care being 
taken to agitate the water as little as practicable. 

With requisite care coffer-dams may be used for foundations in 
any depth of water, provided a water-tight bottoming can be found 
for the puddling. Sandy bottoms offer the greatest difficulty in 
this respect, and when the depth of water is over 5 feet, extraor- 
dinary precautions are requisite to prevent leakage under the 
puddling. 

When the depth of water is over 10 feet, particularly where 
the bottom is composed of several feet of soft mud, or of loose 
soil, below which it will be necessary to excavate to obtain a firm 
stratum for the bed of the foundation, additional precautions will 
be requisite to give sufficient support to the interior sheeting piles 
against the pressure of the puddling, to provide against leakage 
under the puddling, and to strengthen the dam against the pres- 
sure of the exterior water, when the interior space is pumped dry 
and excavated. The best means for these ends, when the local- 
ity will admit of their application, is to form the exterior of the 
dam, as has already been described, by using piles and sheeting 
piles, giving to the latter additional points of support, by interme- 
diate string pieces between the one at top and the bottom of the 
water ; and to form a strong framing of timber for a support to 
the interior sheeting piles, giving to it the dimensions of the area 
to be enclosed. The frame-work (Fig. 23) may be composed of 
upright square beams, placed at suitable distances apart, depend- 
ing on the strength required, upon which square string pieces are 
bolted at suitable distances from the top to the bottom, the bottom 
«tring resting on the surface of the mud. The string pieces 
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Miting as supports f^r the sheeting piles, must be on Jie wlci of 
the upriglits towards the puddliog, and their faces in tl e saina 
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vertical plane. Between each pair of opposite uprights, horizon- 
tal shores may be placed at the points opposite the position of the 
siring pieces, to increase the resistance of the dam to the pressure 
of the water; the lop shores extending entirely across tne dam, 
and being notched on the top string pieces. Tlie interior shores 
must be so arranged that they can be readily taken out as the 
masonry on the interior is built up, replacing them by other shores 
resting against the masonry itself. 

397. When the bed of a river presents a rocky surface, or rock 
covered with but a few feet of mud, or loose soil, cases may occur 
in which it will be more economical and equally safe to lay a bed 
of beton without exhausting the water from the area to be built 
on ; enclosing the area, before throwing in the beton, by a simple 
coffer work £rmed of a strong frame work of uprights and hori- 
zontal beams and sheeting piles. The frame work (Fig. 24) in 
this case is composed of uprights connected by string pieces in 
pairs ; each pair is notched and bolted to the uprights, a sufficient 
mterv^ being left between them for the insertion of the sheeting 
piles. To secure the frame work to the rock, it may be re 
quisite to drill holes in the rock to receive the foot of each up- 
right. The holes may be drilled by means of a long iron mi, 
termed a. jumper, which is used for thispurpose, or else the or- 
dinary diving bell may be employed. This machine is very ser- 
viceaole in all similar constructions where an examination of worii 
noder water is requisite, or in cases where it is necessary to 1») 



masonry under water. The frame work is put togeUiei n ItstA 
floMed to its position, and settled upon tie rock; the sheetini 
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piles are then driven into close contact with the surface of the 
rock. 

398. The convenience and economy resulting from the use of 
beton for the beds of structures raised in water, nave led General 
Treussart to propose a plan for laying beds of this material, and 
then to take advantage of their strength and impermeability to con- 
struct a coffer-dam upon them, in order to carry on the super- 
structure with more care. To effect this, the space to be occupied 
■by the bed (Fig. 25) is first enclosed by square piles, driven in 
juxtaposition and secured at top by a string piece. The mud and 
loose soil are then scooped from the enclosed area to the finn soil 
on which the bed of belon is to be laid. The bed of Wton is next 
laid with the usual precautions, and while it is stiil sofi a second 
tw of square piles is driven into it, also m juxtaposition, and a 
I miitable distance from the first for the thickness of the dam - 
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notched upon [he stnng pieces, to secure the rows of piles and form 
« scaffoldiiig. An ordinaiy puddling is placed in between the rows 
«f piles, and the interior space in pumped dry. 

Should the soil under the bed of beton be permeable, the prea 
sure of the water on the base of the bed may oe sufficient to raise 
the bed and the dam upon it, when the water is taken from tlie 
interior space. A proper calculation will show whether this dan- 
ger is to oe apprehended, and should it be, a provisional weight 
must be placed on the dam, or the bed of beton, before exiiaust* 
ing the interior. 

399. When the depth of water is great, or when, from ttie 
permeability of the soil at the bottom, it is difficult to prevent 
leakage, a coffer-dam may be a less economical method of laying 
foundations than the caisson. The caisson (Fig. 26) is a strong 
water-tight vessel having a bottom of solid heavy timber, ana 
vertical sides so arranged that they can be readily detached from 
the bottom. The following is the usual anangement of ilie cais- 
son, it, like the coffer-dam, being subject to changes to suit it to 
the locahty. The bottom of the caisson, serving as a platform 
for tlie foundation course of the masonry, is made level and of 
heavy timber laid in juxtaposition, the ends of tlie beams being 
confined by tenons and screw-bolts to longitudinal capping pieces 
of larger dimensions. The aides of the box are usually vertical 
The sides are formed of upriglit pieces of scantling covered witli 
hick plank, the scams bemg carefully calked to make the cats- 
von water-light. The lower ends of tlie uprights are inserted 
into shallow mortises made in the capping. The arnuigemeni 
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caiseon at the iides of the capping piec^ corresponding to the 
points where the uprights of the sides are inserted into this piece 
Piecea of strong scantling are laid across the top of the caisson, 
'■ resting on the opposite uprights, upon which they are notched. 
These cross pieces project beyond the sides, and the projecting 

Earts are perforated by an auger-hole, large enough to receive a 
olt of two inches in diameter. The object of these cross pieces 
is twofold \ the first is to buttress the sides of the caisson at top 
against the exterior pressure of the water ; and the second is to 
serve as a point of support for a long bolt, or rod of iron, with an 
eye at ihe lower end, into which the hook on the capping piece 
is inserted, and a screw at top, to which a nut, or female screw 
is fitted, and which, resting on the cross pieces as a point of sup- 
port, dr^ws the bolt tight, and, in that way, attaches the sides 
and bottom of the caisson firmly together. 

A bed is prepared to receive the bottom of the caisson, by lev- 
elling the soil on which the structure ia to rest, if it be of a suit- 
able character to receive directly the foundation ; or by driving 
large piles through the upper compressible strata of the soil to 
the finn stratum beneath. The heads of the piles are sawed off 
on a level to receive the bottom of the caisson. 

To settle the caisson on its bed, it is floated to and moored 
over it ; and the n^asonry of the structure is commenced and 
carried up, until the weight grounds the caisson. The caisson 
should be so contrived, that it can be grounded, and afterwards 
raised, in case that tlie bed s found not to be accutately levelled 
To effect this, a sma'l sliding gate should be placed m the sid« 
sf the caiaaon, for the purpose of filling it with water at pleasure 
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By means of this gate, the caisson can be filled and grounded, 
and, by closing the gate and pumping out the water, it can be sel 
afloat. 

After the caisson is settled on its bed, and the masoi ry of tlie 
structure is raised above the surface of the water, the sides are 
detached, by first unscrewing the nuts and detaching the rods 
and then taking off the top cross pieces. By first filling the cais- 
son with water, this operation of detaching the sides can be more 
easil}' performed. 

400. To adjust the piles before they are driven, and to prevent 
them from spreading outward by the operation of driving, a strong 
grating of heavy timber, formed by notching cross and longitudi- 
nal pieces on each other, and fastening them firmly together, may 
be resorted to. This grating is arranged in a similar manner to 
a grillage ; only the square compartments, between the cross and 
string pieces, are larger, so that they may enclose an area for 4 
or 9 piles ; and, instead of a single row of cross pieces, the 
grating is made with a double row, one at top, the other at the 
bottom, embracing the string pieces on which they are notched. 

The grating may be fixed in its position at any depth under 
water, by a few provisional piles, to which it can be attached. 

401. Where the area occupied by a structure is very consider* 
able, and the depth of water great, the methods which have thus 
far been explained cannot be used. In such cases, a firm bed 
is made for the structure, bv forming an artificial island of loose 
heavy blocks of stone, whicli are spread over the area, and receive 
a batter of from one perpendicular to one base, to one perpen« 
dicular and six base, according to the exposure of the bed to the 
effects of waves. This bed is raised several feet above the sur- 
face of the water, according to the nature of the structure, and 
the foundation is commenced upon it. 

402. It is important to observe, that, where such heavy masses 
' are laid upon an untried soil, the structure should not be com- 
menced before the bed appears entirely to have settled ; nor even 
then, if there be any danger of further settling taking place from 
tlie additional weight of the structure. Should any doubts arise 
on this point, the bed should be loaded with a provisional weight, 
somewhat greater than that of the contemplated structure, and 
this weight may be gradually removed, if^ composed of other 
materials than those required tor the structure, as the work pro- 
cesses. 

403. To give perfect security to foundations in running water, 
che soil aroimd the bed must be protected to some extent from 
llie action of the current. The most ordinary method of effect- 
ing this, is by throwing in loose masses of broken stone of suffi« 
cieat size to resist the force of the current. This method will 



give all required security, where the soil is not of a shilling ciiS 
meter, lilie sand and gravel. To secure a soil of this last nature, 
it will, in Bomc caaes,l)e necessary to scoop out the bottom around 
llic bed to a depth of from 3 to 6 feet, and lo fill this excavated 
part witli betoii, the surface of which may be protected from the 
wear arising from the action of the pebblea carried over it by the 
current, by covering it with broad nat flagging stones. 

404. When the bottom is composed of soft mud to any great 
depUi, it may be protected by enclosing the area with sheeting 

Eiles, and then flUing in the enclosed space with fragments of 
lose stone. If the mud is very soft, it wouid be advisable, in 
the first place, to cover the area with a grillage, or with a layer 
of brushwood laid compactly, to serve as a l)ed for the loose 
stone, and thus form a more stable and solid mass. 

CONSTRUCTION OF MASONRY. 

405. Under this head will be comprised whatever relates to the 
manner of determining the forms and dimensions of the most im< 
poriant elementary components of structures of masonry, together 
with the practical details of their construction. 

406. Foundation Courses. As the object of the foundations is 
to give greater stability to the structure by diffusing its weight 
over a broad surface, their breadth, or spread, should be propor- 
tioned both to the weight of the structure and to the resistance 
offered by the subsoil. In a perfectly unyielding soil, like hard 
rock, there would be no increase of stability by augmenting the 
base of the structure beyond what would be strictly necessary to 
its stability in a lateral direction ; whereas in a very compressible 
soil, like soft mud, it wquld be necessary to make the base of the 
foundation very broad, so that by diffusing the weight over a great 
surface, tlie subsoil may offer sufficient resistance, and any un- 
equal settling be obviated. 

407. The thickness of the foundation course will depend on 
the spread ; the base is made broader than the top from motives 
of economy. This diminution of the volume (Fig. 27) is made 



either in steps, termed offsets, or else by giving a uniform battel 
from the base to the top. The latter method is now generally 
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used; It presents equal stability with the former wiih a emalle) 

vnhime. 

When the foundation has to resist only a vertical preBsure, ar 
rnual batter is given to it on each side ; but if it has lo resist also 
> lateral efTort, the spread should be greater on the side opposea 

to this effort, in order to resist its tendency, which would he to 

rause a yielding on that side. 

408. The bottom course of the foundations is usually formed 
of the largest sized blocks, roughly dre^ed olT with the hammer ; 
but if the bed is compressible, or the surfaces of the blocks are 
winding, it is preferable to use blocks of a small size for the bot- 
torn course ; because these small blocks can be firmly settled, by 
means of a heavy beetle, into close contact with the bed, whicn 
cannot be done with large sized blocks, particularly if their undei 
surface is not perfectly plane. The next course above Uie bottoni 
one should be of large blocks, to bind in a firm manner the smaller 
blocks of the bottom course, and to diffuse the weight more uni 
formly over tliem. 

409. When a foundation for a structure rests on isolated sup- 
ports, Uke tlie pillars, or columns of an edifice, an inverted or 
counter-arch, (Fig, 28,) should connect the top course of the 
foundation under the base of each isolated support, so that the 
pressure on any two adjacent ones may be distributed over the 
bed of the foundation in the interval between them. This precau- 
tion is obviously necessary only in compressible soils. In incom 
pressible soils it would be alone requisite to carry up the courses 
immediately below each support with great care, to present a 
■table bed for the base of the support 
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The reversed arch is also used to give greater breadth to the 
loundations of a wall with counterforts, and in cases where an 
upward pressure from water, or a semi-fiuid soil requires to be 
counteracted. In the former case the reversed arches are turned 
under tlie counterforts ; in the latter they fonn the points of sup 
poi t of the walla of the structure. 

410. The angles of the foundations should be formed of tha 

iioBl massive blocks. The courses should be carried up uni 

18 
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fonnlv throughout the foundationy to prevent unequ^ lettlu^g if 
the inass. 

The stones of the top course of the foundation shoii L be 8>if5 
ciently large to allow tne course of the superstructure next abo** 
to rest on the exterior stones of the top course. 

411. Hydraulic mortar should be used for the foundations 
and die upper courses of the structure should not be commence- 
until the mortar has partially set throughout the entire found > 
tion. 

412. Component parts of Structures of Masonry These m \ • 
be divided into several classes, according to the efforts they su^ 
tain ; their forms and dimensions depending on these efforts. 

Ist. Those which sustain only their own weight, and are nc 
liable to any cross strain upon the blocks of which they ar 
formed, as tne walls of enclosures. 

2d. Those which, besides their own weight, sustain a vertica 
pressure arising from a weight borne by them, as the walls of ed' 
nces, columns, the piers of arches, &c. 

dd. Those which sustain lateral pressures, and cross strair 
upon the blocks, arising from the action of earth, water, frames 
or arches. 

4th. Those which sustain a vertical upward, or downward 
pressure, and a cross strain, as areas, lintels, &;c. 

6th. Those which transfer the pressure they directly receive 
to lateral points of support, as arches. 

413. walls of Enclosures. Walls for these purposes may be 
built of brick, rubble, or dry stone. 

Brick walls are usually built vertically upon the two faces ; 
their thickness cannot be less than that of one brick. A wall of 
one brick and a half thick will serve for any length, provided the 
heiffht be not over 15 or 20 feet. 

Kubble stone walls should never receive a thickness less than 
18 inches when the two faces are vertical. Rondelet, in his work 
' VArt de Bdtir, lays down a rule that the mean thickness of both 
rubble and brick walls should be j\ of their height. 

Dry stone walls should not receive a less thickness than two 
feet. When their height exceeds 12 feet, their mean thickness 
should be } of the height. 

Stone walls are usually built vrith sloping faces. The batter 
should not be greater, when the stones are cemented with mor- 
tar, than one base to six perpendicular, in order that the rain may 
run rapidly from the surface, and that the wall be not too mucn 
exposed to decay from the germination of seeds which may lodge 
in the joints. 

The batter s arranged either by building the wall in offsets 
from top to bottom, or by a uniform surface. In either case, the 
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thickness of the wall at top should not be less than ixoni 8 to 13 
inches. 

When a wall is built with an equal batter on each face, and the 
thickness at the top and the mean thickness are fixed, the hose of 
the wally or its thickness at the bottom, will be found by subtract- 
ing the thickness at top from twice the mean thicKness. This 
rule evidently makes the batter of the wall depend upon the two 
preceding dimensions. 

The mean thickness of long walls may be advantageously 
diminished by placing counterforts, or buttresses, upon each face 
at equal distances along the line of the wall. These are spurs 
of masonry projecting some length from the wall, and are firmly 
connected with it by a suitable bond. The horizontal section of 
the counterforts may be rectangular ; their height should be the 
same as that of the wall* 

In rubble wall the counterforts may be made of hammered, or 
cut stone. In addition to this means of strengthening walls, hon- 
zontal courses, or chains of dressed stone may be advantageously 
used from distance to distance, from the bottom of the wall up- 
ward. 

414. Vertical Supports. These consist of walls, columns, or 
pillars, according to circumstances. The dimensions of the 
courses of masonry which compose the supports should be regu- 
lated by the weight bonie. If, as in the walls of edifices, the 
resultant of the efforts sustained by the wall should not be verti- 
cal, it must not intersect the base of the wall so near the outer 
edge, that the stone forming the lowest course would be in danger 
of being crushed. 

In broad enclosed spaces covered at top, the dimensions of the 
wall may be calculated as in the case of ordinary enclosures, and 
the dimensions thus obtained be increased in proportion to the 
weight to be borne. 

Cross walls between the exterior walls, as the partition walls 
of edifices, should be regarded as counterjforts which strengthen 
the main walls. 

415. Areas. The term area is applied to a mass of masonry, 
usually of a uniform thickness, laid over the ground enclosed by 
the foundations of walls. It seldom happens that areas have an 
upward pressure to sustain. Whenever this occurs, as in ihe 
case of the bottoms of cellars in communication with a head of 
water which causes an upward pressure, the thickness and ar- 
rangement of the area should be regulated to resist this pressure. 
When the pressure is considerable, an area of uniform thickness 
may not be sufiiciently strong to ensure safety ; in this case an 
inverted arch must be used. 

416. Retaining f or Sustaining Walls, These terms are ap 
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pliea iO walls which sustain a lateral pressure from an emoank 
ment, or a head of water. 

417. Retaining walls may yield by sliding either along the 
base of the foundation courses, or along one of the horizontal 

t'oints, or by rotation about the exterior edge of some one of the 
lorizontal joints. 

418. The determination of the form and dimensions, of a re 
taining wall for an embankment of earth is a problem of consider* 
able intricacy, and the mathematical solutions which have been 
given of it have genenu^y been confined to particular cases, for 
which approximate results alone have been obtained ; these, how- 
ever, present sufficient accuracy for all practical purposes within 
the limits to which the solutions are applicable. Among the many 
solutions of this problem, those ^ven by M. Poncelet of the Corps 
of French Military Engineers, m a Memoir on this subject, pub- 
Hshed in the MSmoriat de VOfficier du G6niey No. 10, present 
a degree of research and completeness which pecuUarly charac- 
terize all the writings of this gentleman, and have given to his 
productions a claim to th6 fullest confidence of practical men. 

The following formula, applicable to cases of rotation about the 
exterior edge of the lowest iiorizontal joint, are taken from the 
memoir above cited. 

Calling H, the height BC (Fig. 29) of a wall of uniform thick- 
ness, the face ana back being vertical. 

Gv -jmrnnrair 
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hj the mean height C6 of the embankment, retained by the wall. 

above the top of the wall. 
?, the berm DI, or. distance between the foot of tlie embanknjem 

and the outer edge of the top of the wall, 
ft, the angle between the line of the natural slope BN of the eanl 

of the embankment and the vertical BG. ' 
/= cot a, the co-efHcient of friction of the earth of the embank 

ment 
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w, the weight of a cubic foot of the earth. 

w, the weight of a cubic foot of the masonry of the wall. 

6, the base AB, or thickness of the wall at bottom 

Then, 




w 



6=0.74tan.ia V — ,(A + 1.126H)+0.0488A-0.56ctan.«(^ 

-0.6^)(A-0.25). 

The above formula gives the value of the base of a wall with 
vertical faces, within a near decree of approximation to the true 
result, only when the values of the quantities which enter into it 
are confined within certain limits. These Umits are as follows : 
for A, between and H ; c, between and JH ; /, between 0.6 
and 1 .4, which correspond to values of a of 70° and 35°, being 
in the one case the angle which the line of the natural slope of 
very fine dry sand assumes, and in the other of heavy clayey 
earth : and for to, between u?', and |ti;'. Besides these limits, 
the formula also rests on the assumption that the excess of stabil- 
ity of the wall over that of a strict equilibrium is represented by 
0.912 ; or, in other words, that the moment of the pressure against 
the wall is taken 0.912 greater than tlie moment of strict equi- 
librium between it and the wall. This excess of stability given 
to the wall supposes an excess of resistance above the pressure 
against it equal to what obtains in the retaining walls of Vauban, 
for fortifications which have now stood the test of more than a 
century with security. 

419. Having by tfie preceding formula calculated the value of 
b for a vertical wall, the base b' of another wall, presenting equal 
stability, but having a batter on the face, the back being vertical. 



Fig. so-RepTMents a wctiaii O of a nteinliic waO wilk 
a sloping face AD. 
#?, section of the embankmeiil. 



which is the usual form of the cross section of retaining wallsi 
^an be calculated from the following notation and formula. 
Calluig (Fig. 30) V the base of the sloping wall. 
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Ad 

Use yq, the batter, or ratio of the base of the slope to the per 

pendicular, or height of the wail. 
Then, 

420. With regard to sliding either on the base of the founda 
don courses, or on the bed of any of the horizontal joints of the 
wall, M. Poncelet shows, in the memoir cited, by a comparison 
of the results obtained from calculations made under the suppo- 
sitions both of rotation and sliding, that no danger need be appre- 
hended from the latter, when the dimensions are calculated to 
conform to the former, so long as the limits of h are taken between 
and 4H ; particularly if the precaution be taken to allow the 
mortar of the masonry to set firmly before forming the embank- 
ment behind the wall. 

421. Form of Section of Retaining Willis. Retaining walls 
have been built with a variety of forms of cross section. The more 
usual form of cross section is that in which the back of the wall 
id built vertically, and the face with a batter varying between one 
base to sixperpendicular, and one base to twenty-four perpen- 
dicular. The former limit having been adopted, for the reasons 
already assigned, to secure the joints from the efiects of weather ; 
and the latter because a wall having a face more nearly vertical, 
is liable in time to yield to the effects of the pressure, and lean 
forward. 

422. The most advantageous form of cross section for econo- 
my of masonry is the one (Fig. 31) tenned a leaning retaining 




Fig. 31— Represents a section O of a leaning retaining 
wall with a sloping face AD and the back BC coon- 
ter-flloped. 



wall. The counter slope, or reversed batter of the back of the 
wall, should not be less than six perpendicular to one base. In 
this case stren^h requires that the perpendicular let fall from the 
centre of gravity of the section upon the base, should fall so far 
within the inner edge of the base, that the stone of the bottom 
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course of the foundation may present sufficient surface to bear 
the pressure upon it. 

423. Walls with a curved batter (Fig. 32) both upon the face 
and back, hare been used in England, by some enginceis, fbi 
•luays. They present no peculiar advantages in strength over 



ng. »— Repnaeota a «cti«a A of a wall wlUi • 
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walls with plane faces and backs, and require particular care in 
arranging the bond, and fitting the stones or bricks of the face. 

424. Measures for increasing the Strength of Retaining 
Walls. These consist in the addition of counterforts, in the use 
of relieving arches, and in the modes of forming the embank- 
ment. 

425. Counterfor^ give additional strength to a retaining wall 
m several ways. By dividing the whole line of the wall into 
shorter lengths between each pair of counterforts, they prevent 
the horizontal courses of the wall from yielding to the pressure 
of the earth, and bulging outward between the extremities of the 
waUs ; by receiving the pressure of the earth on the back of the 
counterfort, instead of on the corresponding portion of the back of 
the wall, lis effect in producing rotation about the exterior foot of 
die wall is diminished ; the ttides of the counterforts acting as 
abutments to the mass of earth between them may, in the case of 
sand, or like soil, cause the portion of the wall between the coun- 
terforts to be relieved from a part of the pressure of the earth 
nehind it. owing to the manner in which the particles of sand be- 
come buttressed against each other when confined laterally, and 
offer a resistance to pressure. 

426. I'lie horizontal section of counterforts may be either 
rectangular, or trapezoidal. Wher placed against the back of a 
wall, the rectangular form offers the greater stability in the case 
sf rotation, and is more economical m construction ; the trape 
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loidal form gives a broader and therefore a finner connection be> 
twe(tn the wall and counterfort than the rectangular, a point ot 
tome consideration where, &om the chamcter of the materials, the 
itrength of this connection must mainly depend upon the strength 
of the mortar used for the masonry. 

427 Oounlcrforts have been chiefly used by military engineers 
for the retaining walls of fortifications, termed revilements. In 
regulating their form and dimensions, the practice of Vauban has 
been generally followed, which is to n ake the horizontal section 
of the counteiiort trapezoidal, making the height of the trapezoia 
ef, (Fig. 33,) which corresponds to the length of the counterfort, 
two tenths of the height of the wall added to two feet, the base of 
the trapezoid ab corresponding to the junction of tlie counterfort 
and back of the wall, one tenth of the height added to two feet, 
and tlie side cd v^'hich corresponds to Uie back of the counterfort 
equal to two thirds of the base oA. The counterforts are placed 



[. 33— Rnnnnti ■ wetiaii A, md pluDaf « w«II,«M 
in elvntku B, aad |iUa E oTa tiapawidkl cwDtNfiMt 



from 15 to 18 feet from centre to centre along the back of the 
wall, according to the strength required. 

428. In adding counterforts to walls, the practice has generalW 
been "to regard them only as giving additional stability to the wall, 
and not as a means of diminishing its volume of masonry of 
which the addition of the counterforts ought to admit. Considered 
in this last point of view, the problem for determining both the 
•uitable dimensions of the counterforts and the thickness of the 
corresponding wall, is one of very considerable mathematical 
difficulty, whose soiutiai must repose U]Km assumptions made at 
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CO die manner in which the portions of the wall between the 
counterfort would be likely to yield to the pressure upon them, 
the support which they receive from the two counterforts at their 
extremities, and the stability which the counterforts add to the 
entire system in preventing rotation. 

429. Relieving Arches are so termed from their preventing a 
portion of the embankment from resting a^nst the back of the 
wall, and thus relieving it from a part of the pressure. They 
consist (Fig. 34) of one or more tiers of brick arches built upon 
counterforts, which act as the piers of the arches. 
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in arranging a combination of reb'eving arches and their piers, 
ihe latter, uke ordinary counterforts, are placed about 18 feet 
apart between their centre lines ; thf ir length should be so remi- 
lated that the earth behind them resting on the arches, and falling 
under them with the natural slope, shall not reach die wall be- 
tween the arch and the foot of the back of the wall below the arch. 
The thickness of the arches, as well as that of the counterforts, 
will depend upon the weight which the arches sustain. The 
dimensions of the wall will be regulated by the decreased pres 
sure against it caused by the action of the arches, and the point 
at which this pressure acts. 

430. Whenever it becomes necessary to form the embankment 
before the mortar of the retaining wall has had time to set firmly, 
various expedients may be employed to reheve the wall from the 
pressure which the embankment, if formed of loose earth, would 
throw upon it. The portion of the embankment next to the wall 
may be of a compact binding earth placed in layers inclining 
downward from the back of the wall, and well rammed ; or of a 
stiff mortar made either of clay, or sand, vdth about ■^-^'Csx in bulk 
of lime. Instead of bringing the embankment directly against 
the back of the wall, dry stone, or fascines may be laid in to a 
suitable depth back ifrom the wall for the same purpose. The 
precaution, however, of allowing the mortar to set firmly before 
ormiug the embankment, shouldnever be omitted except in cases 
«f evtreme urgency, and then the bnnd of the masonry should be 
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arranged with peculiar care, to prevent disjunction uloig any ol 
the horizontal joints. 

431 . Walls built to sustain a pressure of witer should be regu- 
lated in form and dimensions like the retaining walls of embank- 
ments. The problem in this case is one of less difficulty thaii 
in the other, from the greater simplicity of the mathematical 
formula for the pressure of water. The buoyant effort of the 
water must be taken into account in this calculation, whenever the 
masonry is so placed as to be partially immersed in the water. 

432. Heavy walls, and even those of ordinary dimensions, 
when exposed to moisture, should be laid in hydraulic mortar. 
Grout has been tried in laying heavy rubble walls, but with de- 
cided want of success, the successive drenchings of the stone 
causing the sand to sepai'ate from the lime, leaving when dry a 
weak porous mortar. When the stone is laid in full mortar, grout 
may be used with advantage over each course, to fill any voidp 
left in the mass. 

433. Beton has frequently been used as a filling between tbo 
back and facing of water-tight walls ; it presents no advantage 
over walls of cut, or rubble stone laid in hydraulic mortar, and 
causes unequal settling in the parts, unless great care is taken in 
the construction 

434. When a weight, arising from a mass of masonry or earth, 
re&iS upon two or more isolated supports, that portion of it whicli 
is distributed over the space, or bearing between any two of the 
supports, may be borne by a block of stone, termed a lintel^ laid 
horizontally upon the supports, by a combination of blocks termed 
a plate-bande, so arranged as to resist, witliout disjunction, the 
pressure upon them ; or by an arch. 

435. Lintel. Owing to the slight resistance of stone to a cross 
strain, and to shocks, lintels of ordinary dimensions cannot be 
used alone with safety, for bearing! over six feet. For wider 
bearings, a slight brick arch is thn wn across the bearing above 
the lintel, and thus relieves it from Uie pressure of the parts 
ibove. 

436. Plate-bande, The plate-bande is a combination of blocks^ 
cut in the form of truncated wedges. From tlie form of the 
blocks, the pressure thrown upon them causes a lateral pressure 
which must be sustained eitlier by the supports, or by some other 
arrangement, (Fiff. 35.) 

The plate-bande should be used only for narrow bearings, as 
the upper edges of the blocks at the acute angles are liable to 
splinter from the pressure. If the bearing exceeds 10 feet, the 
plate-bande should be relieved from the pressure by a brick arch 
above it. Additional means of strengthening the plate-bande are 
ometimes used by forming a broken joint between the blocks, or 
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by > projection made on the face of one b]ock to fit inti a cof 
reapunding indent in the adjacent Dne, or by connecting the blocki 
wiui iron bolt«. '^ 




buds.' 



When, from any cause, the supports cannot be made suffi* 
ciently strong to resist the lateral pressure of the plate-bande, the 
extreme blocks must be united by an iron bar, termed a tie, suit- 
ably arranged to keep the blocks from yielding. 

437, Arches. The arch is a combination of wedge-shaped 
block's, termed arch stones, or voussoirs, truncated towards the 
angle of the wedges by a curved surface which is usually normal 
to the surfaces of the joints between the blocks. This inferior 
surface of the arch is termed the intrados, or soffit. The Upper, 
or outer surface of the arch is termed the extrados, or oack, 
■;Fig. 36.) 





iu 






» 


^ 


^ 








'H 


^^ 




H 




K^ 



Fife. M— RepRMDla an elcvatioa M of ihe heul of a liglit cyliDdncal arch, 
aiKlafKtkmNlhiDughllieciDiniof tliearch A.wiUiBiiileTBtionBof 
the (offit and th« face C of Ihe ahuttnent. 

M, tpia of the aroh. 

oca, oiuva of Ihe intndoa. 

t, e.TOiiHHiin fanning ring connea of headi. 

g, cnriuOD atone aTabutmeuL 
ma, orown ofthe an^ 
on apringins line. 

438. The extreme blocks of the arch rest against lateral mj^ 
>orts, termed abutments, which sustain both the vertical pressure 
uising &om the weight of the arch stones, and the weight of 
whatever lies upo^ them ; also the lateral pressure caused l>y the 
iction of the arch. 
,439. In a nxnge, or series f -ches placed side by side, th« 



148 



MASONRY. 



titreme supports are temied the abutments, the inteimediate i ip 
ports which sustain the intermediate arches and the halves of me 
two extreme ones are termed piers. When the size of the archei 
is the same, and their springing lines are in the same horizontal 
plane, the piers receive no other pressure but that arising from 
the weight of the arches. 

440. Arches are classified, from the form of the soffit, into 
cylindrical, conical, conoidal, warped annular, groined, chis- 
tered, and domes. They are also termed right, oblique, or askew, 
and rampant, from their direction with respect to a vertical, or 
horizontal plane. 

441. Cylindrical Arch. This is the most usual and the sim- 
plest form of arch. The soffit consists of a portion of a cylindri- 
cal surface. When the section of the cylinder perpendicular to 
the axis of the arch, termed a right section, cuts from the surface 
a semi-circle, the arch is termed a full centre arch ; when the 
section is an arc less than a semi-circle, it is termed a segment 
arch; when the section gives a semi-ellipse, it is termed an 
elliptical arch; when the section gives a curve resembling a 
semi-ellipse, formed of arcs of circles tangent to each other, the 
arch is termed an oval, (Fig. 37,) or basket handle^ and is called 
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curve of three, Jive, &c. centres, according to the number of 
arcs, which must be odd to obtain a curve s]rnmietrical with 
respect to the vertical line bisecting it ; when the section is that 
of two arcs of circles intersecting at the middle point of the curve, 
it is termed a pointed, or an obtuse or surbased arch, (Figs. 38 
and 39,) according as the angle between the arcs at their inter- 
section is acute, or obtuse. 

A cylindrical arch is denominated a right arch when it is ter- 
minafed by two planes, termed the hea'^-s of the arch, perperalicu 
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tar to the axis of the arch ; oblique^ or askew, when the heads 
we obhque to the axis ; and rampant when the axis of the aich 
is cblique to the horizontal plane. 




Fiff. 38— Repnsenti the half of a pointed 
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442. The chord of the cunre of right section (see Fi^. 36) is 
termed the span of the arch, its vers^ sine the rise of ttie arch. 
When the heads of the arch are oblique to the axis, the chord of 
the oblique section made by the plane of the heads is termed the 
span of the askew section. The lines of the soffit corresponding 
to the extremities of the span are termed the swirtging lines oi 
the arch; the top portion, or line of tiie somt, is termed the 
crown. The U i stone of the crown the key stone. The line 
drawn through the middle point of the span at the extremities of 
the arch, is termed the axis of the arch.* 

443. The form of right section will depend upon the purposes 
wnich tlie arch is to serve, the locality, and the style of arcnitec- 
ture employed. When the rise is less than half the span, tlie 
durch is weaker tliau in* either ihe full centre, or where the rise is 

* See Note C^ Appeivdix, 
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greater than half the span. The methods of uescribing the Tanaai 
curres of right section will be explained in the Appendix. 

444. The same general principle is followed in arrangaig tlu 
joints and bond of the masonry of arches, as in other structures 
of cut stone. The surfaces of the joints should be normal to the 
surface of the soffit, and the surfaces of any two systems of joints 
should be normal to each other at their lines of intersection. These 
conditions, with respect to the joints, will be satisfied by tracing 
upon the soffit its lines of least and greatest curvature, and taking 
the edges of one series of joints to correspond with one of these 
systems of lines, and the edges of the other series with the other 
system, the surfaces of the joints being formed by the surfaces 
normal to the soffit along the respective lines in Question. When- 
ever the surface of the so$t belongs to any of the families ot 
geometrical surfaces, the joints will be thus either plane, or de* 
velopable surfaces. In the cylindrical arch, for example, the 
edges of one series of joints wiU correspond to the elements of 
the cylindrical surface, while those of tne other will correspond 
to the curves of right section, the former answering to the line 
of least, and the latter of greatest curvature. The surfaces of 
the joints will all be plane surfaces, and, being normal to the 
soffit along the lines in question, will be normal also to each 
other. 

445. In full centre and segment arches, the voussoiirs are 
usually made of the same breadth, estimated along the curve of 
right section. The planes of the joints of each course of vous 
soirs between the heads of the arch are made continuous, (see 
Fig. 36,) each of these courses being termed a string course, and 
their joints coursing joints. The planes of the joints along the 
curves of right section are not continuous, but break joints ; the 
stones which correspond to two consecutive series of these joints 
being termed a ring course, and its joints heading joints. By 
this combination of the ring and string courses, the fitting of the 
blocks, tljc settling of the courses, and the bond are arranged in 
the best manner. 

446. in the other forms of right section of cylindrical arches, 
it may not in many cases, be practicable to give the voussoirs 
the svne breadth, owing to the variable curvature of the right sec 
uon ; but the same arrangement is followed for the ring and string 
courses. 

447. In oblique cylindrical ai<.hes, when the obliquity is but 
slight, no change will be required in the arrangement of the 
courses and joints ; but when the angle between the heads and 
the axis is considerably les« than a right angle, the ring courses 
at the extremities of the at.h would have what is termed a false 
bearing', that is, the pressure upon their coursing joints would 
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■ Jtbe transmitted in the direction of the pressure to ihc fixed 
lateral supports, and therefore these portions of tho anii would 
be insecure. To obviate these defects, as well as the uneiiual 
bearing upon the lateral sup])orts in such case, arrangements of 
the coursing and heading jcints have been devised, By which a 
better bond is obtained, and the total pressure from the voiiasoirg 
thrown upon the abutments. 

One method for this purpose has been mostly used in England, 
and consists in placing the edges of the heading and coursing 
joints along spira. lines of the cylindrical soffit which intersect 
each other at right angles. The directing spirals for the heading 
joints (Fig. 40) being taken parallel to the one which is drawn con 
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necting the extreme points of the askew curve of the hejd ; those 
for the coursing being traced perpendicular to the former. The 
joints being normal to the soSit along the spirals, will be helicoi- 
dal surfaces. This method palliates only to some extent the 
weakness of the bond in the courses near the heads, and giving 
a considerable dip to the coursing joints at the extremities of the 
abutments which make an acute angle with their faces, it presents 
here also a weak point. It possesses an important advantage, 
however, in permitting the soffit ends of the string courses to oe 
of equal breadth throughout, and therefore allows the method to 
be adapted as well to brick as cut' stone. To bring the coursing 
joints to correspond exactly with the divisions of the ring courses 
of the heads, it may be necessary, in some cases, to shift the 
spirals of the coursing joints slightly, in making the drawings for 
the arch. The end blocks of the string courses which rest upon 
me abutment, or else the top course of the abutment, must be 
suitably cut to correspond to the direction of the heading joints 
and that of the horizontal courses of the abutment. 

446. A second method, in use among the French engineers, 
con«ists in n'aking the heading joints pUne surfaces and parallel 
to the heads of the arch, and in taking for the edges of the coursing 
joints (Fig. 41) tlie trajectories traced on the soffit perpendicular 
tu the edges of the heading joints. The surfaces of the coursing 



ioinU are made Dormal to the soffit. B> nil plan bj ne of dii 
iefects of the former are remedied, but 't has the disadvantage 
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of giving an unequal breadth to the soffit ends of the Toussoin, 
tud therefore is inapplicable to brick arches. The curves of the 
tiajectoriee and the coursing joints are of more difficult constrac- 
tion than in the first method. 

449. Cylindrical, groined, and cloistered arches are fomaed by 
the intersections of two or more cyhndrical arches. The spaii 
of the arches may be different, but the rise is the same in each. 
The axes of tlie cylinders will be in the same plane, and they may 
intersect under any anK^e. 

The groined arch (Fig. 42) is fonned by removing those por- 
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0ons of each cylinder which lie under the other and between 
their common curves of intersection ; thus forming a projecting, 
or salient edge on the soffit along these curves. 

The cloistered arch (Fig. 43) is formed by removing those por* 
tions of each Cylinder which are above the other ana esterior to 
Uieii common intersection, forming thus re-entering angles along 
iJic same lines. 

450. The planes of the joints in both of these arches are placed 
ill the same manner as in the simple cylindrical arch. The umn 



CUMaTSOCTION OT i 



sdges of tlie correspond'ng course of voussoire in each arch are 
pl&ced in the same plane parallel to that of the axes of iIm cvUn* 
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ders. The portions of the aoSt in each cylinder, corresponding 
to each course of voussoirs, which fonn either the groin in the 
one case, or the re-entering angle in the other, are cut from a 
single stone, to present no joint along the common intersection of 
the arches, and to give them a firmer bond. 

451. Conical arches are of rare applicatioiu When used, the 
same general principles with respect to the joints and bond apply 
to them. The surfaces of one set of joints will be planespassed 
through the elements of the cone and normal to the somt ; the 
other will he conical, or olher surfaces, likewise normal to the 
soffit and passing through the curves of least cun^ature. 

452. when tlie spans at tlie two ends of an arch are unequal, 
but the rise is the same, then the solSt of the arch is made of a 
ronoidal surface. The curves of rieht section at tlie uvo ends 
may be of any figure, but are usually taken from some variety 
of the elliptical, or oval curves. The soffit is formed by moving 
a line upon the two curves, and parallel to the plane containing 
their spans. 

The conoidal arch belongs to the class with warped soffits. A 
Taricty of warped surfaces may be used for sofBts according to 
ciicumslances ; the joints and the bond depending on the genei* 
ation of the surface. 

453. In arranging the joints in conoidal arches, the heading 
joints are contained in planes perpendicular to ihe axis of tha 
Hch. The coursing joints are also formed of plane surfaces, m 
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umnged that the portion of the joint corresponding ti each block 
is formed by a plane normal to the conoid at the mida e point of 
the lower edge of the block. In this way the joints of the string 
course will not be formed of continuous sunaces. To make 
them so, it would be necessary to give them the form of warped 
surfaces, which present more difficulty in their mechanical exe 
cution, and not sufficient advantages over the method just ex- 
plained to compensate for having them continuous. 

454. The annular arch is formed by revolving the plane of a 
»emi-circle, or semi-oval, or other curve, about a line drawn with- 
out the figure and parallel to the rise of the arch, (Fig. 44.) One 
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series of joints in this arch will be formed by conical surfaces 
passing through the inner edges of the stones which correspond 
to the string courses ; and the other series will be planes passed 
through the axis about which the semi-circle is revolved. This 
last series should break joints with each other. 

455. The soffit of a dome is usually formed by revolving the 
ouadrant of one of the usual curves o? cylindrical arches aiound 
the rise of the curve ; or else by revolving the semi-curve about 
the line of the span, and taking the half of the surface thus gen 
erated for the soffit of the dome. In the first of these cases the 
horizontal section of the dome at the springing line will be a cir- 
cle ; in the second the entire curve of the semi-curve by which 
the soffit is generated. The' plan of domes may also be of regu- 
ar polygonal figures' , in whicn case the soffit will be a polygonai- 
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cloistered arch fonned of equal sections of cylinders, (Fig. 45 ) 
The joints and the bond are detenniaed in the same nvtauer w 
in other arches. 
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456. The voussoirs which form the nng course of the heads, 
m ordinary cylindrical arches, are usually terminated by plane 
surfaces at top and on the sides, for the purpose of connecling 
them with the horizontal courses of the head which lie above ana 
on each side of the arch, (Figs. 46 and 47.) This connection 




nmy be arranged in a variety of vfays. The two points to bo 
kept in view are, to form a good bona between the voussoirs and 
horizontal courses, and to give a pleasing architectural effect by 
the arrangement. This connection should always give a sym- 
metrical appearance to tlie halves of the Btnicture on each side 
of the crown. To effect these several objects it may be neces- 
«ary, in cases of oval arches, to make the breadth of the voussoirs 
unequal, diminishing usually tliose near the springing lines. 

457. In small arches the voussoirs near the springing line ara 
•0 cut as to form a part aiso of the horizontal course, (see Fig. 
40,) ^Mining what is termed an elbow joirtt. Tliis plan is objeo 
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tionablcy both because there is a waste of material in forming 
A joint of this kind, and the stone is liable to crack when the 
arch settles. 

458. The forms and dimensions of the voussoirs should be de« 
termiued both by geometrical drawings and numerical calcula 
tion, whenever the arch is important, or presents any complication 
of form. The drawings should, in the first place, be made to a 
scale sufficiently large to determine the parts with accuracy, and 
from these, pattern drawings giving the parts in their true size 
may be made for the use of the mason. To make the pattern 
drawings^ the side of a vertical wall, or a firm horizontal area 
may be prepared, with a thin coating of mortar, to receive a thin 
smooth coat of plaster of Paris. The drawing may be made on 
this surface in tiie usual manner, by describing the curve either 
by points from its calculated abscissas and ordinates, or, where 
it is formed of circular arcs, by using the ordinary instrument for 
describing such arcs when the centres fall within the limits of the 
prepared surface. In ovals the positions of the extreme radr 
should be accurately drawn either from calculation, or construc- 
tion. To construct the intermediate normals, whenever the cen- 
tres of the arcs do not fall on the surface, an arc with a chord of 
about one foot, may be set off on each side of the point through 
which the normal is to be drawn, and the chord of Ine whole arc, 
thus set off, be bisected bv a perpendicular. This construction 
will generally give a su£ciently accurate practical result for 
elliptical and other curves of a large size. 

459. The masonry of arches may be either of dressed stone, 
rubble, or brick. 

In wide spans, particularly for oval and other flat arches, cut 
stone shoula alone be used. The joints should be dressed with 
extreme accuracy. As the voussoirs have to be supported by a 
framing of timber, termed a centre^ until tlie arch is completed, 
and as this structure is Uable to yield, both from the elasticity of 
the materials and the number of joints in the frame, an allowance 
for the settling in the arch, arising from these causes, is soDie- 
times made, in cutting the joints of the voussoirs false, that is, 
not according to the true position of the normal, but from I he 
supposed position the joints will take when tlie arch has settled 
thoroughly. The object of this is to bring the surfaces of t)ie 
joints into perfect contact when the arch has assumed its perma* 
nent state of equilibrium, and thus prevent the voussoirs from 
breaking by unequal pressures on tneir coursing joints. Th«8 
IS a problem of consiaerable difficulty, and it will generally be 
better to cut the joints true, and guard against settling and its 
effects by giving creat stiffness to the centres, and by placing be- 
tween the joints oi those voussoirs, where the principal movemeni 
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takes place in arches, aheeln of lead suitably hammered to fit thl 
joint andyietd to any pressure. 

460. The manner of laying the voussoirs demands peculiar 
care, particularly in those which form the heads of llie arch. 
The positions of the inner t dges of the rousaoirs are determined 
by fixed lines, marked on the abutments, or some other iinmorea 
ble object, and the calculated distances of the edges from these 
lines. These distances can be readily set oS by means of the 
level and plumb-line. The angle of each joint can be fixed by a 
quadrant of a circle, connected with a plumb-line, on which the 
position of each joint is marked. 

461. Rubble atone is used only for very smalt arches which 
do not sustain much weight, or as a filling between a network of 
ring and strine courses in large arches which sustain only their 
own weight. In each case the blocks of rubble should be roughly 
dressed with the hammer, and be laid in good hydraulic moriar, 

46'i. Brick may be used alone, or in combination with cut 
stone, for arches of considerable size. When the thickiess of a 
brick arch exceeds a brick and a half, the bond from ibe soffit 
outward presents some difficulties. If the bricks are laid in con 
centric layers, or shells, a continuous joint will be formed parallel 
to the surface of the soffit, which will probably yield wKen the 
arch settles, causing the shells to separate, (Fig. 48.) If the 



ne. 48— Re|iR«nb m cud 
view M ot' B bnaft aioh 
baill with blocln C. umI 
•hells A, and U. 



ot ananging tiie coune* 
of tHick ibrmini tha 
crown of Iheuch, 



bricks are laid like ordinary string courses, fonning continuoui 
joints from the soffit outward, these joints, from the form of th6 
Dricks, will be very open at the back, and, from the yielding of 
the mortar, the arch will be liable to injury in settling from this 
cause. To obviate both of these defects, the arch may be built 
partly by the first plan and partly by the second, or as it is termed 
m shells and blocks. The crown, or key of the arch should ba 
laid in a block, increasing the breadth of the block by two brinki 
far each course from the soffit outward. These bricks should b« 
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iiid in hydraalic cement, and be well wedged with pieces of thin 
hard slate between the joints. 

463. When a combination of brick and cut stone is used, tlio 
ring coursBS of the heads, with some inteimediate ring counes, 
the bottom string courses, the key-stone course, and a few intCT' 
noediate string courses, aie made of cut stone, (Fia,, 49,) the 




intermediate spaces being filled in with brick. The brick poi 
tions of the soffit may, ifnecessaiy, be thrown within the stone 
portions, fonning plain caissons. 

464. The centres of small arches are not removed, or struck 
until the mortar has become hard ; in large arches, the centres 
should not be struck until the whole of the mortar has set firmly. 
In the joints near the springing lines the mortar will have become 
hard, in the ordinary progress of building an arch, before that in 
the higher joints will have had time to set, unless hydraulic mor- 
tar of a qmck set be used. After the centres are struck, the arch 
is altow^ to assume its permanent state of equilibrium, before 
any of the auperstructure is laid. 

465. When the heads of the arch form a part of an exterior 
surface, as the faces of a wall, or the outer portions of a bridge, 
the Toussoirs of the head ring courses are connected with the 
honzontal courses, as has been explained ; the top surface of the 
VouDBoirs of the intermediate ring courses are usually left in a 
roughly dressed state to receive tlie courses of masonry termed 
the topping, (see Fig. 49,) which rests upon the arch between 
the walls of the head. Before laying the capping, the joints of 
the v9us8oira on the back of the arch should be carefully exam- 
ined, and, wherever they are found to be open ft'oin the settling 
of the arch, they should be filled up with soft-tempered mortar, 
and by driving in pieces of hard slate. The capping may be va- 
riously formed of rubble, brick, or beton. Where the arches arfl 
exposed to the filtration of rain water, as in those used for bridges, 
utd the casemates of fortifications, the capping should be ot betaa 
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iBii m layers, and well rammed with the usual precaudoiis foi 
obtaining a solid homogt^neuus mass. 

466. The difficulty of forming water-tight cappings of mason* 
ry has led engineers, within a few years back, to try a coating of 
asphalte upon the surface of beton. The surface of the beton 
capping is made uniform and smooth by the trowel, or float, and 
the mass is allowed to become thoroughly .'jry before the asphalte 
is laid. Asphalte is usually laid on in twc layers. Before apply- 
ing the first, the surface of the beton should be thoroughly 
cleansed of dust, and receive a coating of mineral tar applied hot 
with a swab. This application of hot mineral tar is said to pre- 
vent the formation of air bubbles in the layers of asphalte which, 
when present, permit the water to percolate through the masonry. 
The first layer of asphalte is laid on in squares, or thin blocks, 
care being taken to form a perfect union between the edges of 
the squares by pouring the hot liquid along them in forming each 
new one. The surface of the first layer is made uniform, and 
nibbed until it becomes smooth and hard with an ordinary wooden 
float. In laying the second layer, the same precautions are taken 
as for. the first, the squares breaking joints with those of the first. 
Fine sand is strewed over the surface of the top layer, and pressed 
into the asphalte before it becomes hard. 

Coverings of asphalte have been used both in Europe and in 
our military structures for some years back with decided success. 
There have been failures, in some instances, arising in all prob- 
ability either from using a bad material, or from some fault of 
workmanship. 

467. In a range of arches, like those of bridges, or casemates, 
the capping of each arch is shaped with two inclined surfaces, 
like a common roof. The bottom of these surfaces, by tlieir 
junction, form gutters where the water collects, and from which 
It is conveyed off in conduits, formed either of iron pipes, or of 
vertical openings made through the masonry of the piers which 
communicate with horizontal covered drains. A small arch of 
sufficient width to admit a man to examine its interior, or a square 
culvert, is formed over the gutter. When the spaces between the 
head walls above the capping is filled in with earth, a series of 
drains running from the top, or ridge of the capping, and leading 
mto\he main gutter drain, should be formed of brick. They 
may be best made by using dry brick laid fiat, and with intervals 
left for tlie drains, these being covered by other courses of dry 
brick with the joints in some degree open. The earth is filled in 
upon the upper course of bricks, which should be so laid as to 
form a uniiorm surface. 

468. When the space above tlie capping is not filled in ynth k 
iM>lid mass, for the purpose of receiving the 'veight borne by tht 



arches, walls of a requisite height may be buOt parallel m t\u 
head walls, and these may serve either as the piers of small 
arches, (F>g- &0,) upon which the weight bome directly rests, <h 
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else be covered by atrong flat stones to effect the same object 
In this last case (Fig. 51 ) the walls may be made lighter by form 



innllel 

flat aloi 



ma arched openings through them, or else a system of small right 
cylindrical groined arches may be used. All of these methods are 
in use in bridge building for sustaining the roadway, and also in 
roofing arched edifices. They throw less weight upon the abut- 
ments and piers of the arches than would a nlling of solid ma- 
terial. 

469. From observations taken on the manner in which large 
cylindrical arches settle, and experiments made on a small scale, 
it appears that in all cases of arches where the rise is equal to 
or less than the half span they yield (Fig. 52) by the crown of 
the arch falling inward, and thrusting outward the lower portions, 
presenling five joints of rupture, one at the key stone, one on each 
side of it which limit the portions that fall inward, and one oa 
each side near die springing lines which limit the parts thrust 
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ontward. Tn pointed arches, or those in which the rise is greater 

Fig. 68 — ^ReprMents the manner in which flat arches yieM 

by mptnre. 
0, Joint of rapture at the key stone. 
m^ m, Joints of niptnre below the key stone, 
n tK n, joints of rapture at springing lines. 



than the half span, the tendency to yielding is, in some cases, 
different ; here the lower parts may fall inward, (Fig. 63,) ^nd 
throst upward and outward the parts jaear the crown. 





Fig. 88— Represents the manner ia which pointed sx«hes 

may yield. 
The letters refer to same points ss in Fig. OS. 



470. From this movement in arches a pressure arises against 
the key stone, termed the horizontal ikrust of the arch, the 
tendency of which is to crush the stone at the key, and to over^ 
turn the abutments of the arch, causing them to rotate about 
the exterior edge of some one of their horizontal joints. 

471. The joints of rupture below the key stone vary in arch- 
es of different forms, and in the same arch with the weight it sus- 
tains. From experiments, it appears that in full centre arches 
the joints in question make an an^le of about 27° with the 
horizon ; in segment arches of arcs less than 120° they are at 
the springing Enes ; and in oval arches of three centres they are 
fonna about the angle of 45° of the small arc which forms l^e 
extremity of the curve at the springing line. 

472. Tlie calculation of the joints of rupture, the consequent 
horizontal thrust, and its effects in crushing the stone at the 
key and in overturning the abutment are problems of conside- 
rable mathematical intricacy. When the joints of rupture are 
given the problem assumes a more simple form, being one of 
statical equilibrium between the moments of the horizontal 
thrust and the weight of the arch and its abutments. 

The problem for finding the joints of rupture by calculation, 
and the consequent thickness of the abutments necessary to 
preserve the arch from yielding, has been solved by a number 
of writers on the theory of the equilibrium of arciies, and tables 
for effecting the necessary numerical calculations have been 
drawn up from their results to abridge the labor in each case. 

478. The connection between the top of the abutment, term- 
ed the im^post of the arch, and the bottom courses of the arch, 

21 



reqnires peculiar care in segmental, askew, and rampant arches. 
In the first, the thrust of the arch being very great, it wil! be 
well, in heavy arches, to make the joints of the interior conrees 
of the abutment, for some courses at least below the impost, ob- 
liqne to the horizon to counteract any danger from sliding. The 
top stone of the abutment, termed the cuahion stone of the arch, 
should be well bonded with the stones of the backing, and its bed, 
or bottom joint should be so far below the impost joint, that the 
stone shall offer sufficient Btrengtb to resist tlie preseure on it. 

In the askew arch the abutments are not uniformly loaded, 
and the entire thrust of the arch will not be received by the 
abutments if the arch is constructed in the usual manner, Each 
of these points requires peculiar attention ; the first demanding 
the thickness of the abutment to be suitably regulated ; the se- 
cond that the arch be so bnilt tliat the thrust mar be thrown, as 
nearly as practicable, parallel to the planes of tne heads. To 
effect this last point, the portion of the arch above the upper 
joints of nipture(Fig. 54,) mnstbe divided into several zones, each 
of these zones being bnilt without any connection with the two 
adjacent to it, but with their ends so arranged that this connec- 
tion may be formed, and the arch made continuous after tlie 
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cpiilres are struck. By this i)lan the settling will take place 
after uncentring without caosing cracks, and the thrust will be 
thrown on the abutments in the direction desired. 

In rampant arches, the impost joint being oblique to the ho- 
rizon, care must be taken, if this obliquity be not less than the 
angle of friction of the stone used, either to cut the impostinto 
steps, or else to use some suitable bond, or iron cramps and 
bofts to prevent disjunction between the arch and abutment. 

474. The abutments of right and of slightly oblique cyluidri- 
eal arches are made of tmiiorm dimensions ; but when the ob 
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Fiqmty is considerable, it may be necessary to increase the thick 
ness of a portion of each abutment where there is the gieates 
pressure. 

In conical and conoidal arches the abutments will in like man 
ner vary in dimensions with the span. 

47d. In cloistered archer the abutments will be less than ir an 
ordinary cylindrical arch of the same length; and in groined 
arches, in calculating the resistance offered by the abutments, 
ihe counter resistance offered by the weight of one portion in 
resisting the thrust of the other, must be taken into consideration. 

476. When abutments, as in the case of edifices, require to be 
of considerable height, and therefore would demand extraordinary 
thickness, if used alone to sustain the thrust of the ^ch, they may 
be strengthened by the addition to their weight made in carrying 
them up above the imposts like the battlements and pinnacles in 
Gothic architecture ; by adding to them ordinary, full, or arched 
buttresses, termed ^yin^ buttresses ; or by using ties of iron con- 
necting the voussoirs near the joints of rupture below the -key 
stone. The employment of these different expedients, their forms 
and dimensions, will depend on the character of the structure 
and tHe kind of arch. The iron tie, for example, cannot be hid- 
den from view except in the plate-bande, or in very flat segment 
arches, and wherever its appearance would be unsightly some 
other expedient must be tried. 

Circular rings of iron have been used to strengthen the abut- 
ments of domes, by confining the lower courses of the dome and 
lelieving the abutment from the thrust. 

477. WTien abutments sustain several arches above each other, 
like relieving arches in tiers, their dimensions must be calculated 
to sustain the united thrusts of the arches ; and the several por-> 
tions between each tier must be strong enough to resist the thrust 
of their corresponding arches. 

478. In a range of arches of unequal size, the piers will have 
to sustain a lateral pressure occasioned by the unequal horizontal 
thrust of the arches. In arranging the form and dimensions of 
the piers this inequality of thrust must be estimated for, taking 
also into consideration the position of the imposts of the unequal 
arches. 

479. Precautions against Settling. One of the most difficult 
and important problems in the construction of masonry, is that 
of preventing unequal settling in parts which require to be con- 
nected but sustain unequal weights, and the consequent ruptures 
In the masses arising from this cause. To obviate this difficulty 
requires on the part of the engineer no small degree of practical 
tact. Several precautions must be taken to diminish as far as 
practicable the danger from unequal settling. Walls sustaining 
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heavy vertical pressiu-es should be built up uniformly, ard witt 
great attentiou to the bond and correct fitting of the courses. The 
materials should be unifonii in quality and size ; hydraulic mor- 
tar should alone be used ; and the permanent weight not be laid 
en the wall until the season after tne masonry is laid. As a far- 
ther precaution, when practicable, a trial weight may be laid upon 
the wall before loading it with the permanent one. 

Where the heads of arches are built into a wall, particularly 
if they are designed to bear a heavy permanent weight, as an 
embankment of earth, the wall should not be carrried up higher 
than the imposts of the arches until the settling of the latter has 
reached its final term ; and as there will be danger of disjunction 
between the piers of the arches and the wall at the head, from 
the same cause, these should be carried up independently, but so 
arranged that their after-union may be conveniently effected. It 
would moreover be always well to suspend the building of the 
arches until the season following that in which the piers are 
finished, and not to place the permanent weight upon the arches 
until the season following their completion. 

480. Pointing. The mortar in the joints near tlie surfaces of 
walls exposed to the weather should be of the best hydlraulic 
Ume, or cement, and as this part of the joint always requires to 
be carefully attended to, it is usually nlled, or as it is termed 
pointed, some time after the other work is finished. The period 
at which pointing should be done is a disputed subject among 
builders, some preferring to point while the mortar in the joint is 
still fresh, or green, and others not until it has become hard. 
The latter is the more usual and better plan. The mortar for 
pointing should be poor, that is, have rather an excess of sand ; 
tlie sand should be of a fine uniform grain, and but little water 
be used in tempering the mortar. Before applying the pointing, 
the joint should be well cleansed by scraping and brusliing out 
the loose matter, and then be well moistened. The mortar is 
applied with a suitable tool for pressing it into the joint, and its 
surface is rubbed smooth with an iron tool. The practice among 
our military engineers is to use the ordinary tools for calking in 
applying pointing ; to calk the joint with the mortar in the usual 
way, and to rub the surface of the pointing until it becomes hard. 
To obtain pointing that will withstand the vicissitudes of our cli- 
mate is not the least of the difficulties of tlie builder's art. The 
contraction and expansion of the stone either causes the pointing 
to crack, or else to separate from ttie stone, and the surface water 
penetrating into the cracks thus made, when acted upon by frost 
tlurows out the pointing. Some have tried to meet tnis difficulty 
by giving the surface of the pointing such a shape, and so ar 
nuiging it with respect to the surfaces of the stones foiming thf 
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joint, that the water shall trickle over the pointing without enter 
mg the crack which is usually between the bed of the stone and 
the pointing. 

481. The term flash pointing is sometimes applied to a coat* 
ing of hydraulic mortar laid over the face, or back of a wall, tc 
preserve either the mortar joints, or the stone itself from the action 
of moisture, or the effects of the atmosphere. Mortar for flash 
pointing should also be made poor, and when it is used as a stucco 
to protect masonry from atmospheric action, it should be made of 
course sand, and be applied in a single uniform coat over the sur- 
face, which should be prepared to receive tlie stucco by having 
the joints thoroughly cleansed from dust and loose mortar, and 
being well moistened. 

No pointing of mortar has been found to withstand the effects 
of weather in our climate on a long fine of coping. Within a few 
years a pointing of asphalte has been tried on some of our mili- 
tary works, and has given thus far promise of a successful issue. 

482. Stucco exposed to weather is sometimes covered with 
paint, or other mixtures, to give it durability. Coal tar has been 
tried, but without success in our climate. M. Raucourt de 
Charleville, in his work Traiti des MortierSy gives the following 
compositions for protecting exposed stuccoes, which he states to 
succeed well in all climates, r or important work, three parts of 
linseed oil boiled with one sixth of its weight of litharge, and one 
part of wax. For common works, one part of linseed oil, one 
tenth of its weight of litharge, and two or three parts of resin. 

The surfaces must be thoroughly dry before applying the 
compositions, which should be laid on hot with a brush. 

483. Repairs of Masonry. In effecting repairs in masonr\\ 
when new work is to be connected with old, the mortar of the old 
should be thoroughly cleaned off wherever it is injured along the 
siuface where the junction is effected. The bond and other ar- 
rangements will depend upon the circumstances of the case ; the 
sunaces connected should be fitted as accurately as practicable, 
so that by using but Uttle mortar, no disunion may take place 
from settling. 

484. An expedient, very fertile in its applications to hydraulic 
constructions, nas been for some years in U8» among the French 
engineers, for stopping leaks in walls and renewing the beds of 
foujidations which have yielded, or have been otherwise removed 
by the action of water. It consists in injectinff hydraulic cement 
.nto the parts to be filled, through holes drilled through the ma- 
soniy, by means of a strong syringe The instruments used fox 
this purpose (Fig. 55) arc usually cylinders of wood, or of cast 
iron ; the bore uniform, except at tne end which is terminated 
with a nozle cf the usual conical form; the piston is of wood 



and is diiren dowD by a heavy mallet. In using the iyrinsre it 
ia adjusted to the hole ; the hydmulic cement in a semi^uic 
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State poured into it ; a wad of tow, or a disk of leather being in- 
troduced on top before inserting the piston. The cement ii 
forced in by repeated blows on the piston. 

485. A mortar of hydraulic lime and line sand has been used 
for the same purpose ; the lime being ground fresh from the kiln, 
and used before slaking, in order tliat by ihe increase of volume 
which takes place fi-om slaking, it might fill more compactly all 
interior voids. The use of unslaked lime has received several 
ingenious applications of this character ; its after expansion may 
prove injurious when confined. The use of sand in mortar for 
mjections has by some engineers been condemned, as from the 
■■*ate of fluidity in which the mortar must be used, it settles to 
the bottom of the syringe, and thus prevents the formation of a 
homogeneous mass. 

486. Effects of Temperature on Masonry. Frost is the most 
powerful destructive agent against which the engineer has to 
guard in constructions or masonry. During severe winters in the 
northern parts of our country, it has been ascertained, by obser- 
vation, that the frost will penetrate earth in contact with walls to 
depths exceeding ten feet ; it therefore becomes a matter of the 
first importance to use eveiy practicable means to drain thoroughly 
all tlie ground in contact with masonry, to whatever depths the 
foundations may be sunk below the sunaco ; for if this precau- 
tion be not taken, accidents of the most serious nature may hap* 
pen to the foundations from the action of the frost. If watei 
collects in any quantity in the earth around the foundatioua, i 
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may be nev:essary to make small covered diains under them to 
couTey it off, ana to place a stratum of loose stone between the 
sides of the foundations and the surrounding earth to give it a 
free downward passage. 

Tt may be laia down as a maxim in building, tliat mortar which 
IS exposed to the action of frost before it has set, will be so much 
damaged as to impair entirely its properties. This fact places in 
a btronger light what has already been remarked, on the necessity 
of laying the foundations and the structure resting on them in hy- 
dmulic mortar, to a height of at least three feet above the ground , 
for, although the mortar of the foundations might be protected 
from the action of the frost by the earth around them, the parts 
immediately above would be exposed to it, and as those parts at^ 
tract the moisture from the ground, the mortar, if of common 
lime, would not set in time to prevent the action of the frosts of 
winter. 

In heavy walls the mortar in the interior will usually be se- 
emed from the action of the frost, and masonry of this character 
might be carried on until freezing weather commences ; but still 
in all important works it will be by far the safer course to sus- 
pend the construction of masonry several weeks before the or- 
dinary period of frost. 

During the heats of summer, the mortar is injured by a too 
rapid drying. To prevent this the stone, or brick, should be 
thoroughly moistened before being laid ; and afterwards, if the 
weather is very hot, the masonry should be kept wet until the 
mortar gives indications of setting. The top course should al- 
ways be well moistened by the workmen on quitting their work 
for any short period during very warm weather. 

The effects produced by a high or low temperature on mortar 
in a green state are similar. In the one case the freezing of the 
water prevents a union betu^een the particles of the lime and 
sand ; and in the other the same arises from the water being 
rapidly evaporated. In both cases the mortar when it has set if 
weak and pulverulent. 
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FRAMING 

487. Framing is the art of arranging beams of solid ^;at^ru1Ul 
for the various purposes to which they are applied in structures. 
k frame is any arrangement of beams made for sustaining strains. 

488. That branch of framing which relates to the combinations 
of beams of timber is denominated Carpentry, 

489. Timber and iron are the only materials in common use 
for frames, as they are equally suitable to resist the various 
strains to be met with in structures. Iron, independently of 
offering greater resistance to strains than timber, possesses the 
farther advantage of being susceptible of receiving the most suit- 
able forms for strength without injury to the material ; while tim- 
ber, if wrought into the best forms for the object in view may, in 
some cases, be greatly injured in strength. 

490. The object to be attained in framing is to give, by a suit- 
able combination of beams, the requisite degree of strength and 
stiffness demanded by the character of the structure, united with 
a lightness and an economy of material of which an arrangement 
of a massive kind is not susceptible. To attain this end, the 
beams of the frame must be of such forms, and be so combined 
that they shall not only offer the greatest resistance to the efforts 
they may have to sustain, but shall not change their relative po- 
sitions from the effect of these efforts. 

491. The forms of the beams will depend upon the kind of 
material used, and the nature of the strain to which it may be 
subjected, whether of tension, compression, or a cross strain. 

492. The general shape given to tlie frame, and the combina 
tions of the beams for this purpose, will depend upon the objeci 
of the frame and the directions in which the efforts act upon it. 

In frames of timber, for example, the cross sections of eacu 
beam are generally uniform throughout, these sections being 
either circular, or rectangular, as these are the only simple forms 
which a beam can receive without injury to its strength. In 
frames of cast iron, each beam may be cast into the most suitable 
form for the strength required, and the economy of the material. 

493. In combining the beams, whatever may be the general 
shape of the frame, the parts which compose it must, as far as 
practicable, present triangular figures, each side of the triangles 
oeing formed of a single beam ; the connection of the beams at 
the angulai' points, termed the ^'ointo, being so arranged that no 
yielding can take place. In all combinations, tlierefore, in whicb 
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be principal beams form polygonal figures, secondary beami 
must be added, either in the directions of the diagonals of the 
polygon, or so as to connect each pair of beams forming an angle 
of the polygon, for the piirpose of preventing any change of form 
of the figure, and of giving the frame tlie requisite stiffness. 
These secondary pieces receive the general appellation of braces. 
When they sustain a strain of compression they are termed struts; 
when one of extension, ties. 

494. As one of the objects of a frame is to transmit the strain 
It directly receives to firm points of support, tiie beams of which 
it is formed should be so combined that this may be done in the 
way which shall have the least tendency to change the shape of 
ihe frame, and to fracture the beams. These conditions wiU 
be best satisfied by giving the principal beams of the frame a 
position such tliat the strains they receive shall be transmitted 
through the axes of the beams to the fixed supports ; in this man- 
ner there can be no tendency to change the shape of the frame, ex- 
cept so far as this may arise from the contractions, or elongations 
of the beams, caused by the strains ; and as all .unnecessary 
transversal strains will in like manner be avoided, the resistances 
offered bv the beams will be the greatest practicable. 

495. Whenever these conditiona cannot be satisfied, the sUains 
un the frame should be so combined that those which are not 
transmitted to the points of support shall balance, or destroy each 
otlier ; and those beams which, from being subjected to a cross 
strain, might be either in danger of rupture, or of being deflected 
to so great a degree as to injure the stability of the frame, should 
be supported by struts abutting either against fixed supports, or 
against points of the frame where the pressure thrown upon the 
strut would have no effect in changing the shape of the frame. 

496. The points of support of a frame may be either above, or 
below it. In the first case, tlie frame will consist of a suspended 
system, in which the polygon will assume a position of stable 
equilibrium, its sides being subjected to a strain of extension. In 
the second case the frame, if of a polygonal form, must satisfy 
the essential conditions already enumerated, in order that its state 
of equilibrium shall be stable. 

497. The strength of the frame and that of its parts, and their 
consequent dimensions^ must be regulated by the strains to which 
I hey are subjected. When the form of the frame and the direc- 
tion and amount of the strain borne by it are given, the direction 
and amount of the strain which the different parts sustain can be 
ascertained by the ordinary laws of statics, and, from'^these data, 
the requisite dimensions and forms of the parts. 

498. The object of the structure will necessarily decide the 
geoeral shape of the frame, as well as the direction oi the strainf 
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lo which it will be subjected. An examination, therefore, of tht 
frames adapted to some of the more usual structures will be the 
best course for illustrating both the preceding general principles 
and the more ordinary combinations of the beams and joints. 

' 499. Frames of Timber. These are composed either entirely 
of straight beams, or of a combination of straight beams and of 
arches lormed by bending straight beams. 

Pieces of crooked timber are used either where the form of the 
parts requires them, or else where a strong connection is necessary 
between straight pieces that form an angle between them. 

500. As has already been stated, the cross section of each 
beam is generally uniform and rectangular. This will, in some 
cases, give more strength than the character of the strain resisted 
may demand ; and will, also, throw a greater amount of pressure 
on the points of support, than if beams of a form more strictly 
adapted to the object in view were used : but it avoids cutting 
the fibres across the grain, or making, as it is termed, grain-cut 
beams, and thereby materially injuring the strength of the piece. 
This objection, however, is only applicable to the parts of a frame 
formed of single beams. Wherever several thicknesses of beams 
are required in the arrangement of any part, the advantage may 
be taken of giving the combination the most suitable form for 
strengtji and lightness combined. 

601. Frames for Cross Strains. The parts of a frame which 
receive a cross strain may be horizontal, as the beams, or joists of 
a floor; or inclined, as the beams, or rafters which form the inclined 
sides of the frame of a roof. The pressure producing the cross 
strain may either be uniformly distributed over the beams, as in 
the cases just cited, arising from the flooring boards in the one 
case, and the roof covering in the other ; or it may act only at one 
point, as in the case of a weight laid upon the beam. 

In all of these cases the extremities of the beam must be firmly 
fixed against immoveable points of support ; the longer side oi 
the rectangular section of tne beam should be parallel to the di- 
rection of the strain, on account of placing the oeam in the best 
position for strength. 

If the distance between the points of support, or the bearings 
be not great, the framing may consist simply of a row of parallel 
beams of such dimensions, and placed so far asunder as the strain 
borne may require. When the beams are narrow, or the depth 
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of the rectangle considerably greater than the breadth, (Fig. ^>6« 
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chart struts of battens may be placed at intervals betiween each 
pair of 'beams, in a diagonal direction, uniting the bottom of tlie 
one with the top of the other, to prevent the beams from twisting, 
or yielding laterally. 

When the bearing and strain are so great that a single beam 
will not present sufficient strength and stiffness, a combination 
of beams, termed a built beam, which may be solids consisting 
of several layers of timber laid in juxtaposition, and firmly con- 
nected together by iron bolts and straps, — or operiy being formed 
of two beams, with an interval between them, so connected by 
cross and diagonal pieces, that a strain upon either the upper or 
lower beam will be transmitted to the other, and the whole system 
act under the effect of the strain Uke a solid beam. 

502. Solid built Beams. In framing solid built beams, the 
pieces in each course (Fig. 57) are laid abutting end to end with 

Fig. S7— Repreeents a solid built bean 
of three courees, the jiieces of 
each coune breaking joints and 
confined by iron hoops. 

a square joint between them, the courses breaking joints to form 
a strong bond between them. The courses are firmly connected 
either by iron bolts, formed with a screw and nut at one end to 
bring the courses into close contact, or else by iron bands driven 
on tight, or by iron stirrups (Fig. 58) suitably arranged with screw 
ends and nuts for the same purpose. 



Fig. 5S— Repreaentfl an iron stirrup, or hoop a with nnts or fenuJs 
screwB c which confine the ciom piece of the stiirup 6 
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When the strain is of such a character that the courses would 
be liable to work loose and slide along their joints, the beams of 
the different courses may be made with shallow indentations, 
(Figs. 59, 60,) accurately fitting into each other; or shallow rec- 

Fig. Sd—RepresentB a solid built 
beam of three courses arran|red 
with Indents and confined bf iroo 
hoops. 




Fig. OO-Represents a solid built beam, the top pait being of two pieoesft, k which abnfc 

against a bfoad flat lion bolt a, termed a king oelL 

langular notches (Fig. 61) may be cut across each beam, being 
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■o placed as to receive blocks, or keys of hard wood. The keyi 
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Fig. 61-~Repre8eiits a solid b^\ 
I . beam with keys b,bo( haid w^on 

■■n — I between the ooiines. 



are sometimes made of two wedge-shaped pieces, (Fig. 62,) for 
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(1^— Represents the keys in the fonn of 
ouble, or /biding wedges a, b let into a shal- 
low notch in the beam e. 



the purpose of causing them to fit the notches more closely, and 
to admit of being driven tight upon any shrinkage of the woody 
fibre. 

The joints between the courses may be left slightly open 
without impairing in an appreciable degree the strength of the 
combination. Tnis is a good method in beams exposed to mois- 
ture, as it allows of evaporation from the free circulation of the 
air through the joints. Felt, or stout paper saturated with mm- 
eral tar, has been recommended to secure the joints from the 
action of moisture. The prepared material is so placed as to 
occupy the entire surface of tlie joint, and the whole is well 
screwed together. 

603. Open built Beams. In framing open built beams, the 
principal point to be kept in view is to form such a connection 
between the upper and lower solid beams, that they shall be 
strained unifornoly by the action of a strain at any point between 
the bearings. This may be effected in various ways, (Fig. 63.) 

Fig. 63— Represents an open 
built beam; A and B are 
the top and bottom rails or 
strings ; a. a, cross pieces, 
eitlier sinKie or in paiis; b, 
diagonal braces in pahs; e, 
single diagonal braces. 

The upper and lower beams may consist either of single beams, 
or of solid built beams ; these are connected at regular intervals 
by pieces at right angles to them, between which diagonal pieces 
are placed. By this arrangement the relative position of all the 
parts of the frame will be preserved, and the strain at any point 
will be brought to bear upon the intermediate points. 

Two of the best known applications of this combination, when 
limber alone is used, are those of Colonel Long, of the U. S. 
Topographical Engineers, and of the late Mr. Town. 

504. That of Colonel Long (Fig. 64) consists in forming both 
the upper and lower beams, termed by the inventor tlie strings. 
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of ihree parallel beams, sufficient space being left between tie 
Qhe in the centre and the other two to insert the cross pieces, 




Fig. 64— Represents a panel of Long's truas. 

A and B, top and bottom strings ol three oounes 

C, C, posts in pain. 

D, braees in paiis. 

£, counter brace single. 

a, a, mortises wheib jibs and keys are inserted 

F, jib and key of hard wood. 

termed the posts ; the posts consist of beams in pairs piaced at 
suitable intervals along the strings, with which they are connected 
by wedge blocks, termed jihs and k^ys, which are inserted into 
rectangular holes made through the strings, and fitting a corre- 
sponding shallow notch cut into each post. A diagonal piece, termed , 
a brace^ connects the top of one post with the foot of the o\m ad- 
iacent by a suitable joint. Another diagonal piece, termed the 
caunter^bracej is placed crosswise between the two braces and 
their posts, with its ends abutting against the centre beam of the 
upper and lower strings. The counter-braces are connected 
with the posts and braces by wooden pins, termed tree-naih. 

In wide bearings, the strings will require to be made of several 
beams abutting end to end ; in this case the beams must break 
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•uinU, And short beams must be inserted between the cenlre tjii 
extei i«r beams nherever the joints occur, to strengUieii them. 

Tlie beams in this combination are all of uniform cross section, 
the joints and fastenings are of the simplest liind, and die pom 
are well distributed to call into play the strength of the stnnga, 
ind to produce uniform stiffness and stxsin. 

505. The combination of Mr. Town (Fig. 65} consisU in two 
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main strings, each formed of two or three parallel beams of two 
thicknesses breaking joints. Between the parallel beams ore in- 
serted a series of diagonal beams crossing each other. These 
diagonals are connected with the strings and with eacli otlier by 
tree-nails. When the strings are formed of three parallel beams, 
diagonal pieces ate placed between the centre and exterior beams, 
and two intei mediate Bthngs are placed between the two courses 
of diagonals. 

Thia combination, commonly known as the lattice truss, is of 
very easy mechanical execution, the beams being of a uniform 
cross section and length. The strains upon it are borne by the 
tree-nails, and when used for structures subjected to variable 
strains and jars, it loses its stiffness and sags between the points 
of support. It is more recommendable for its simplicity than 
scientific combination. 

506. A third method, called after the patentee. How's tru-o, 
has within a few years come into general notice. It consists of 
(Fig. 66) an upper and lower string, each formed of several thick- 
nesses of beams placed side by side and breaking joints. On the 
upper side of the lower string and the lower side of the upper, 
blocks of hard wood are inserted into shallow notches ; tiie biucka 
are bevelled off on each side to form a suitable point of sup^rl, 
or step for the diagonal pieces. One aeries of the diagonal pieces 
are arranged in pairs, tiie others are single and placed between 
those in pairs. Two strong bolts of iron, which pass through 
the blocks, connect the upper and lower strings, and are arrangfid 
with a screw cut on one end and a nut to draw the parts closf ly 
together. 

This combination presents a judicious arrangement of the parts 
The blocks give abutting surfaces for the braces superior to liiOB* 
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obtained by the ordinary fbrms of joint for tliis puTj^ose. The 
bolti replace adyantageousiy the timber posts, and in case of th« 
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Fig. 66— Repraenli 
an elevation of • 

B)rtion of Uowe't 
U8S. 

a, top string. 
6, bottom strings, 
c, Ct diagonal braoei 

in pain. 
df single braces, 
e, e, steps of harj 

wood for braces. 
/,/, iron rods with 

nuUi and 



frame working loose and sagging, their arrangement for tighten- 
ing up the parts is simple and efficacious. The timber of each 
string is not combined to give as great strength as its cross sec- 
tion is susceptible of, and the lower string, upon which a strain 
of tension is brought, against which timber offers the greatest 
resistance, has received a greater cross section than that of the 
apper. 

The preceding combinations have been applied generally in 
uur country to bridges. In this application, the timber support- 
ing the roadway of the bridge is usually placed on the lower 
strings ; two, three, or four built beams being used, as the case 
may require, for supporting the transverse beams under tlie road- 
way, the centre beams leaving an equal width of roadway between 
them and the exterior beams. 

507. Framing for intermediate Supports. Beams of ordinary 
dimensions may be used for wide bearings when intermediate 
supports can be procured between the extreme points. 

The simplest and most obvious method of effecting this is to 
piace upright beams, termed props, or shores^ at suitable interval! 
•jnder the supported beam. 

When the props would interfere with some other arrangement, 
and points of support can be procured at the extreipities below 
those on which the beam rests, inclined struts -(Fig. 67) may be 
used. The struts must have a suitably formed step at the foot, 
«i>i be connected at top with the beam by a suitable joint. 

In some cases the bearing may be diminished by placing ob 
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Fig. 07— Repreaenti a horizoDtal beam C ■» 
ported noar tha middld bf inclined iMi 
A, A 



the points of support short pieces, termed corbels^ (Fig. 68,) mi 
supporting these near their ends by struts. 





]^g..6&-.R6preBeQt>a 
horizontal beam e anp* 
ported bv veitical post 
a, a, With corbel pie 
cea dt d and inclined 
stmts e, e to diminish 
the beoLiing. 



In Other cases a portion of the beam, at the middle, may be 
strengthened by placing under it a short beam, called a straining 
beam^ (Fig. 69,) against the ends of which the struts abut. 





Fig. 69— Represents a 
horizontal beam e, 
strengthened bv a 
straining beam / and 
inclined struts e, e. 



Whenever the beanng may require it the two preceding ar- 
rangements (Fig. 70) may be used in connection. 




F. g. 70— Re- 
presents a 

combination 
or Figs. 6e 
and 69 



In all combinations with struts, a lateral thrust will be thrown 
on the point of support where the foot of the strut rests. This 
strain must be provided for in arranging the strength of the sup- 
ports. 

508. When intermediate supports can be procured only above 
the beam, an arrangement must be made wmch shall answer the 
purpose of sustaining the beam at its intermediate points by sus- 
pension. The combination will depend upon the number of in- 
lermediate pomts required. 
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When the beam requires to be supported only at the middle, 
It may be done by placing two inclined pieces, resting on the 
beam at its extremities, and meeting under an angle above it. 
jprom which the middle of the beam can be suspended by a rod or 
iron, or by another beam. If the suspending piece be of iron, it 
must be arranged at one end with a screw and nut When the 
support is of timber, a single beam, called a kingpost^ (Fig. 71,) 




Fig. Tl— BepreMiits a horl 
zontal beam e sapportad 
In lU middle by a king 
post g suspended frons 
the struts e, s. 



may be used, against the head of which the two inclined pieces 
may abut ; the foot of the post is connected with the beam by 
a bolt, an iron stirrup, or a suitable joint Instead of the ordinary 
kin^ post, two beams maybe used; these are placed opposite to 
ea<£ other and bolted together, embracing between them the sup- 
ported beam and the heads of the inclined beams which fit into 
shallow notches cut into the supporting beams. Pieces arranged 
in this manner for suspending portions of a frame receive the 
name of suspension pteoeSj or tridle pieces. 

When two intermediate points of support ai-e required, they may 
be obtained by two inclined pieces resting on the ends of the 
beam and abutting against the extremities of a short horizontal 
straining beam, (Fig. 72.) The suspension pieces in this case 




Fig; n— Bepresents a beam e 

•opported at two points by 

posts g^ g sospendea from the 

^r strati if e and straining beam 



may be either posts, termed jw^mp^w^,' arranged like a king 
post, iron rods, or bridlepieces. Toojr combination may be used 
for very wide bearings, (Fig. 73,) by suitably increasing the num- 
ber of inclined pieces and straining beams. 

Some of the preceding combinations maybe used for support* 
iikg one end of a beam subjected to a cross strain when the other 
has a fixed point of support This maj be done either by an in- 
clined strut beneatl\, or an inclined tie above the beam. When 
a wooden tie is used it should consist of two pieces bolted, to- 
gether and embracing the beam. 

28 
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509. Tiie clasHificatioDB under the two preceding headBrepr{^ 
eent the principal combinatione of straight beatne applied to the 
puiposes of framing. The frame of an ordinary roof preeentB one 
of the eimplest combinations hy which the action of the different 
parts of a frame mav be iUuetrated. 

A roof of the ordinary form consists of two equally incliued 
sides of metal, slate, or other material, which is attached to a 
covering of boards that rests upon the frame of the roof. The 
frame consists of several vertical frames, termed the trusse* of 
the roof, which are placed parallel to and at suitable intervals 
from each other ; these receive horizontal beams termed otw^mw, 
■which rest upon them and are placed at suitable intervals apart, 
and upon the purlins are placed inclined pieces termed the lonff 
n^ft&s, to which the boards are attachedt 

The truss of a roof, for ordinary bearings, consists (Fig. 74) 




of a horizontal beam tenned the ide beam, with which the incliued 
beams, termed the prino^al rafters, are connected by suitable 
joints. The principal rafters may either abut againsteach other 
at the top or ridge, or against a king post. Inclined struta are 
in some cases placed between the principal rafters and kingpoBt, 
with which thev are connected by suitable joints. 

For wider bearings the short rafters (Fig. 76) abut against a 
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Btrainmg bean? at top. Queen posts connect these pieces w-ith 
the tie-beam. A king post connects the straining beam witn the 




Fig. 75— Bepreeents a roof traas for inid« 

spans. 
a,aeb«ain. 
h^ b^ principal rafters. 
e, short rafters abutting against the straining 

beam dU 
9 and/ king and queen poets in. pairs. 
(T, g^ purlins supporting common rafters K 



top of the short rafters ; and struts'are placed at suitable points 
between the rafters and kin^ and queen posts. 

In each of these combinations the weight of the roof covering 
and the frames is supported by the points of support The prin- 
cipal rafters are subjected to cross and longitudinal strains, arising 
from the weight of thereof covering and irom their reciprocal ac- 
tion on each other. These strains are transmitted to the tie beam, 
causing a strain of tension upon it. The struts resist the cross 
strain upon the rafters and prevent them from sagging ; and the 
kingand queen postspreventthetieandstrainingbeams from sag- 
ging and ^ive points of support to the struts. The short rafters 
anastrainmgbeam form points of support which resist the cross 
str 1 in on the principal rafters, and support the strain on the queen 
posts. . 

510. Wooden Arches. A wooden arch may be formed by 
bending a single beam (Fig. 76) and confining its extremities to 
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fig. 76»-Represents a horliontal beam 
c supported at its middle point by a 
bent beam (. 



prevent it from resuming its original shape. A beam in this 
state presents greater resistance to a cross strain than when 
straight, and may be used with advantage where great stifiness is 
reqmred, provided the points of support are of sufficient strength 
to resist trie lateral thrust of the beam. This method can be 
resorted to only in naiTOw bearings. 

For wide arches a curved built beam must be adopted ; and 
for this purpose a soUd, (Figs. 77 and 78,) or an open built beam 
may be used, depending on the bearing to be spanned by the 
arch. In either case the curved beams are built in the same 
manner as straight beams, the pieces of which they are formed 
bein^ suitably bent to conform to the curvature of the arch, which 
may oe done either by steaming the pieces, by mechanical power, 
or by the usual method of softening the woody fibres by keeping 
the pieces wet while subjected to the heat of a light blaze. 
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Wooden archefimay al8o1}e formed by festening together BOf> 
vral courses of boarde, giving the frame a polygonal lorm, (Fig. 
79,) correBpondingto uie desired carratnre, and then shapingthe 
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onter and inner edges of the arch t« the proper cnrve. Erch 
course is formed of boards cut into sharp lengthg, depending on 
the cnrratnre reqnired ; these pieces abnt end to end, the joutts 
being in the direction of the radii of cnrratnre, and the pieces 
composing the different courses break joints with each other. 
The conises may be connected either by jibs and keys of hard 
wood, or by iron bolts. This method is very suitable for all 
light frame work where the presure borne is not great. 
Wooden arches are chiefly used for bridges and roo6. They 
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serve <» intermediate points of Bupport for tiie fhiining on wMcb 
the roadway rests in tne one case, and the roof covering in the 
other. In bridges the roadwaj may lie either above the arch, 
or below it ; in either case yertical posts, iron rods, or bridles 
connect the horizontal beams with the arch. 

511. The greatest strain in wooden arches takes place between 
the crown and springing Une ; this part shonld, therefore, when 
practicable, be relieved of the pressure that it would directly 
receive from the beams above it by inclined struts, so arranged 
as to throw this pressure upon the lateral supports of the arch. 

The pieces wluch compose a wooden arch may be bent into 
any curve. The one, however, usually adopted is an arc of a 
circle, as the most simple for the mechanical construction of the 
framing, and presenting aU desirable strength. 

612. Centres, The wooden frame with which the voussoirs 
of an arch are supported while the arch is in progress of con- 
struction is termea a cefitre. 

A centre, like the frame of a roof, consists of a number of 
vertical frames (Figs. 80, 81, 82, 83,) termed trusses, or riJ«, 
upon which horizontal beams, termed holsters^ are placed to re- 
ceive the voussoirs of the arch. 

The curved, or hack pieces of a centre on which the bolsters 
rest consist of beams cut into suitable lengths and shaped to the 
proper curvature ; these pieces abut end to end, the joints be- 
tween them being in the direction of the radii of curvature ; the 
joints are usually secured by short pieces, or blocks placed un- 
der the abutting ends to which the back pieces are bolted. Tlie 
blocks form abutting surfaces for shores, or inclined struts seated 
against firm points of support below the back pieces. To pre- 
vent Ihe shores, or the struts from bending, braces, or bridles, 
which are usually formed of two pieces, each wi til shallow notches 
cut into them, are added, and embrace between them the 
shores, or struts, the whole being firmly connected with iron bolts. 

The combinations used for the frames of centres will depend up- 
on the position of the points of support and the size of the arches. 
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513. For small light ai-clies (Fig. 80) the ribs may be formed 



of two or more thickneeseB of short boards, firmly n^ cd togeth- 
er ; the boards in esch courBe abutting end to end by a joiut in the 
direction of the radius of curvature of the arch, and breaking 
joints with those of the other course. The ribs are sliaped to 
the form of the intradoB of the arch, to receive the bolsters, 
which are of battens cut to suitable lengths and nailed to the ribs. 
514. For heavy arches with wide spans, when firm iuterme- 
diate points of Bu^ort can be procured between the abutments, 
the back pieces (tig. 81) may be supported by shores placed 



:-;s»w- *<*;'*™'* 




under the blocks in the direction of the radii of curvature o 
the arch, or of inclined strnta (Fig. 82) restmg on the points of 
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515. If intermediate points of support cannot be obtained, a 
broad framed siipp'U'tmuat be made at eacii abutment to receive 
the extremities of the struts that sustain tiie back pieces. The 
framed support (Fig. 83) consists of a heavy beam laid either 
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horizontally, or inclined, and is placed at that joint of the arch, 
(the one which makes an angle of about 30° with the horizon,) 
where the voussoira, if unsupported beneath, would slide on 
their beds. Tliis beam ia borne by shores which find firm points 
of support on the foundations of the abutment. 

The back pieces of the centre (Fig. 83) may be supported by 
inclined struts which rest immediately upon the framed support, 
one of the two struts under each block resting upon one of the 
framed supports, the other on the one on the opposite side, the two 
struts being so placed as to make equal angles with the radius of 
cnrvatore of the arch drawn through the middle point of the 
block. Bridle pieces, placed in the direction of the radius of 
corrstnre, embrace the blocks and struts in the osual manner 



and prevent the latter from Bagging. This combination prcsentc 
a figure of invariable form, as the strain at an; one point ia 
received hj the Btruts and transmitted directly to the fizbd points 
of support. It has the disadvantage of requiring beams ol great 
lengm when the span of the arch is conBiderable, and of present- 
ine frequent croeeing of the struts where notchee will be re 
quiBite, and the strength of the beams thereby diminished. 

The centre of Waterloo Bridge over the Thames (Fig. 83) 
was framed on this principle. To avoid the inconveniences re- 
sulting from the crossing of the Btruts, and of building beams 
of sufficient length where thd Btnits could not be procured from 
a single beam, me device wae imagined in this work of receiv- 
ing the ends of several struts at ^e points of crossing into a 
large cast-iron socket suBpended by a bridle piece. 

516. When the preceding combination cannot be employed, a 
strong truss, (Fig. 84,) consisting of two inclined atruts reating 
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npon the framed supports, and abutting at top against a strain- 
ing beam, may be formed to receive me ends of some of the 
struts which support the back pieces. This combination, and 
all of a like character, require that the arch should not be 
constructed more rapidly on one side of the centre than on the 
other, as any inequality of strain on the two halves of the 
centre would have a tendency to change the Bhape of the frame, 
thrusting it in the direction of the greater Btrain. 

517. Means used for sinkmg Venires. When the arch is 
completed the centres are detached from it, or struck. To effect 
this m large centres an arrangement of wedge blocks is used, 
termed the striking platss, bv means of which the centre may be 
gradually lowered and detaciied from the soffit of the arcli. Thi& 
arrangement consists (Fig. 83) in forming steps r.pon the upper 
surtkce of the beam which forms the framed support to receive a 
wedge-shaped block, on which another beam, having its under 
surface also arranged with steps, rests. The stmts of the rib 
either abut against the upper surface of the top beam, or else are 
inserted into cast-iron sockets, termed ehoe^latett, fastened tc 
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this surface. The centre is struck bj driving back ttc ^edge 
block. 

518. When the etrute rest upon intermediate supports be« 
tween the abutments, double, or foLdmg wedges may be placed 
under the struts, or else upon the back pieces of the ribs under 
each bolster. The latter arrangement presents the advantage 
of allowing any part of the centre to be eased from the sofiit, 
instead of detachmg the whole at once as in the other methods 
of striking wedges. Tlxis method was employed for the centres 
of Grosvenor Bridge, (Fig. 82,) over the river Dee at Chester, 
and was perfectly successtul both in allowing a ^adual settling 
of the arch at various points, and in the operation of striking. 

619. Ties cmd Braces for detached JFrames. When a series 
of frames concur to one end, as, for example, the main beams 
of a bridge, the trusses of a roof, ribs of a centre, ifec, tiiej 
require to be tied together and stiffened by other beams to 
prevent any displacement, and warping of the frames. For this 
purpose beams are placed in a horizontal position and notched 
upon each frame at suitable points to connect the whole together; 
while others are placed crossing each other, in a diagonal direc- 
tion, between each pair of frames, with which they are united 
b^ suitable joints, to stiffen liie frames and prevent them from 
yielding to any lateral effort. Both the ties and the dia^nal 
braces may be either of single beams, or of beams in pairs, so 
arranged as to embrace between them the part of the frames 
with which Uiey are connected. 

520. Joints. The form and arrangement of joints will 
depend upon the relative position of the beams joined, and the 
object of the joint. 

Joints may be required for various purposes, either to connect 
the ends of beams of which the axes are in the same right line^ 
or make an angle between them ; or the end of one beam with 
the face of another ; or where the face of one beam rests upon 
that of another. 

In all aiTan^ments of joints, the axes of the beams connected 
should lie in Uie same plane in which the strain upon the frame 
acts ; and the combination should be so arranged that the parts 
will accurately fit when the frame is put together, and that 
any portion may be displaced without disconnecting the rest. 
The simplest forms most suitable to the object in view will 
usually be found to be the best, as offering the most facility in 
obtaining an accurate fit of the parts. 

In adjusting the surfaces of the joints an allowance should be 
made for any settling in the frame which maj arise either from, 
the shrinking of the timber in seasoning while in the frame, or 
from the fibres yielding to the action of the strain. This is done 
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by leaving sufficient play in the joints when the fvame is firbt Rot 
up, to admit of the parts coming into perfect contact when the 
firame has attained its iinal settling. Joints formed of plane sur- 
faces present more difficulty in this respect than curved joints, 
ak» the bearing surfaces in the latter case will remain in contact 
should any slight change take place in the relative positions of 
the beams from settling ; whereas iix the former a slight settling 
might cause the strains to be thrown upon a comer, or edge ol 
the joint, by which the bearing surfaces might be crushed, and 
the parts of the frame work wrenched asunder from the leverage 
which such a circumstance mi^ht occasion. 

The surface of a joint subjected to pressure should be as 
great as practicable, to secure &e parts in contact froin being 
crushed by the strain ; and the sui'face should be perpendicular 
to the direction of the strain to prevent sliding. 

A thin sheet of wrought iron, or lead, may be inserted 
between the surfaces of joints where, from the magnitude of 
the strain, one of them is liable to be crushed by the other, as in 
the case of tlie end of one beam resting upon the face of another. 

521. Folding wedges, and pins, or tree-snails^ of hard wood 
are used to bring the surfaces of joints firmly to their bearings, 
and retain the parts of the frame in their places. The wedges 
are inserted into square holes, and the pins into auger-holes 
made through the parts connected. As the object of these 
accessories is simply to bring the parts connected into close 
contact, they should be carefully driven in order not to cause 
a strain that might crush the fibres. 

To secure joints subjected to a heavy strain, bolts, stxaps, and 
hoops of wrought iron are used. These should be placed in the 
best direction to counteract the strain and present the parts from 
separating ; and wherever the bolts are requisite tliey should 
be inserted at those points which will least weaken the joint 

622. JoirUs of Beams v/nited end to end. When the axes of 
the beams are in the same right line, the form of the joint will 
depend upon the direction of the strain. K the strain is one of 
compression, the ends of the beams may be united by a square 
joint perpendicular to their axes, the joint being secured (Fig.85) 
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by four short pieces $o placed as to embrace the ends of the 
beams, and being fastened to the beams and to each other by 
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bolts. This arranffement, termed fishing a heam,^ is used only 
for rough work. It may also be used when the stram is one of 
extension ; in this case tne short pieces (Fig. 86) may be notohed 
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Fig. 8^— BepreaentB % flahed Joint in which the side pieces o and d are either let into the 

beama or secured by keys e, 6. 

upon the beams, or else keys of hard wood, inserted into shallo^t 
notches made in the beams and short pieces, may be employed 
to give additional security to the joint. 

A joint termed a s'uirf may be used for either of the foregoing 
purposes. This joint may be formed either bv halving the beauks 
on each other near their ends, (Fig. 87,) and securing the joints 
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Fig. 87— Bepreeents a scarf Joint aeonred by iron plates c^ o, keys dy d, and bolta. 

by bolts, or straps ; or else by so arranging die ends of the two 
beams that each shall fit into shallow triangular notches cut 
into the other, the joint being secured by iron hoops. This last 
method is employed for round timber. 

523. When beams united at their ends are subjected to a cross 
strain, a scarf joint is generally used, the under part of the joint 
being secured oy an iron plate confined to the beams by bolts. 
The scarf for this purpose may be formed simply by halvinffthe 
beams near their ends ; but a more usual and better form ^ig. 




Fig. 88— Bepreeents a scarf Joint for a cross strnln seenred at bottom bj a piece of timber c 
confined to the beams by iron hoops d^ d and keys s» «. 

88) is to make the portion of the joint at the top surface of 
the beams perpendicular to their axes, and about one third of 
their depth ; the bottom portion being oblique to the axis, as 
well as the portion joining these two. 

When the beams are subjected to a cross strain and to one of 
extension in the direction of their axes, the form of -the scarf 
must be suitably arranged to resist each of these strains. The one 
shown in Fig. 89 is a suitable and usual form for these objects. A 
iolding wedge key of hard wood is inserted into a space left 
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between the parts of the joint which catch when the beams ate 
drawn apart The key serves to bring the surfaces of the jointi 
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to their bearings, and to form an abutting surface to resist the 
strain of extension. In this form of scarf the surface of the 
joint which abuts against the kej will be compressed ; the 
portions of the beams just above and below the Key will be 
subjected to extension. These parts should present the same 
amount of resistance, or have an equality of cross section. The 
length of the scarf should be reflated by the resistance with 
which the timber employed resists detrusion compared with 
its resistance to compression and extension. 

524. When the axes of beams form an angle between them, 
they may be connected at their ends either by halving them 
on each other, or by cutting a mortise in the centre of one 
beam at the end, ana shaping the end of the other to fit into it. 

525. Joi/nisfoT con/necti/ng the end of one heam v>ith the face 
qf (mother. The joints used for this purpose are termed mortice 
cmd tenon joints. Their form will depend upon the angle be- 
tween the axes of the beams. When the axes are perpendicular 
the mortise (Fig. 90) is cut into the face of the beam, and the end 
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F(f . 90— Repreaents e mortise sad tenon jetat 
when the axes of the beaau are petpendl* 
cular to each other. 

fi^ toDon on the beam A. 

h^ mortise in the beam B. 

', pin to hold the parts together. 



of the other beam is shaped into a tenon to fit the mortise. When 
tiie axes of the beams are oblique to each other, a triangular 
notch (Fig. 91) is usually cut into the face of one beam, the sidee 
of the notch being perpendicular to each other, and a shallow 
mortise is cut into the lower surface of the notch ; the end of 
the other beam is suitably shaped to fit the notch and mortise 
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Tenon and mortise jointe have receivjed a variety ( f formg. 
The direction of the strain and the effect it maj produce upon 
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the joint mnst in all cases regnlate this point. In some cases the 
circular joint may he more snitahle than those forms which are 
plane surfaces ; in others a double tenon may be better than the 
simple joint 

526. Tiejomts. These joints are used to connect beams 
which cross, or lie on each other. The simplest and strongest 
form of tie joint consists in cutting a notch in one, or both of the 
beams to connect them securely. But when the beams do not 
cross, but the end of one rests upon the other, a notch of a tra- 
pezoidal form (Fig. 92) may be cut in the lower beam to receive 
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the end of the upper, which is suitably shaped to fit the notch. 
This, from its shape, is termed a dove-tail Joint. It is of fre- 

auent use in joinery, but is not suitable for heavj frames where 
le joints are subjected to considerable strains, as it soon becomes 
loose from the shrinking of the timber. 

527. Iron Frames. Cast and wrought iron are both used for 
frames. The former is most suitable wnere ffreat strength com- 
bined with stiffness is required ; the latter lor light frames and 
^wherever the strains act mainly as tensions. 

In iron frames the same general principles of combination 
are applicable as in those of tmiber, and thev admit of the same 
classification as frames of the latter material. 

Cast iron is most easily wrought into the best forms for 
strength. The dimensions of the pieces must, however, be re* 
Atricted within certain practical Umits, both on account of the 
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labot and expense attendant upon the casting and handling ol 
heavy pieces, and the difficulty of procuring them of uniioim 
quality when of lar^e size. In arranging the component parts of 
an iron frame, uniformity in the shape and dimensions is requi* 
site both for economy and perfection of workmanship ; and asfai 
as practicable, the bulk of the different parts of each piece should 
be the same, in order to avoid the dangers arising from unequal 
shrinking in cooling. 

"Wrought iron may be hammered, or rolled into the most suit 
able form for strength, but for frames bars of a rectangular sec* 
tion are mostly used. 

The joints in both cast and wrought iron frames are made upon 
the same principles as in those of timber, the forms being adapted 
to the nature of the material ; they are secured by wrought iron 
wedges, keys, bolts, &c. 

628. Frames for Cross Strains. Solid beam6 of cast iron, 
moulded into the most suitable forms for strength and for adap- 
tation to the object in view, may be used for supporting a cross 
strain where the bearings are of a medium width. Solid wrought 
iron beams can be used with economy for the same purposes 
only for short bearings. 

529. Open cast iron beams are seldom used except in combina- 
tion with cast iron arches. Those of wrought iron are frequently 
used in structures. They majjr be formed of a top and Dottom 
rail connected by diagonal pieces, forming the ordinary lattice 
arrangement ; or a piece bent into a curved form may be placed 
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ils. or any other suitable combination (Fig. 93) 
dch combines lightness with strength and stiffness 
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530. Iron Arches. Cast iron arches may be used for the same 
objects as those of timber. The frames for these purposes con- 
sist of several parallel ribs of uniform dimensions which are cast 
into an arch form, the ribs being connected by horizontal ties, 
and stiffened by diagonal braces. The weight of the superstruc- 
ture is transmitted to the curved ribs in a variety of ways ; most 
nsnally by an open cast iron beam, the lowerpartof whichisso 
shaped as to rest upon the curved rib, and the upper part suitably 
formed for the object in view. These beams are also connected 
by ties, and stiffened by diagonal braces. 

Each rib, except for narrow spans, is composed of several 
pieces, or segments, between each pair of whicn there is a joint 
in the direction of the radius of curvature. The forms and di- 
mensions of the segments are uniform. The segments are usually 
either solid, (Fig. 94,) or open plates of uniform thickness, having 
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a flanch of uniform breadth and depth at each end, and on the 
entrados and intrados. The flanch serves both to give strength 
to the segment and to form the connection between the segments 
and the parts which rest upon the rib. 

The ribs are connected by tie plates which are inserted be- 
tween the joints of the segments, andare fastened to the segments 
by iron screw bolts which pass through the end flanches of the 
Beffments and the tie plate between diem. The tie plates may be 
eiuier open, or solid ; the former being usually preferred on ac- 
count of this superior lightness and cheapness. 

The fj'ame work of the ribs is stiffened by diagonal pieces 
which are connected either with the ribs, or the tie plates. The 
diagonal braces are cast in one piece, the arms being ribbed, or 
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feathered, and tapenng from the centre tovards the ends in a 
3-:itable manner to give lightneBS combined with Btretigth. 

The open beame fc ig. 94) which rest open the curredribs are 
cast in a suitable number of panels ; the joint between each pair 
being either in the direction of the radii of the arch, or else verti- 
cal. These pieces are also cast with jlanchee, by which they are 
connected together and with the other parts of the frame. The 
beams, like the ribe, are tied together ard stiffened by ties and 
diagonal braces. • 

Beams of snitable forms for the purposes of the stmctnre are 
placed either lengthwise, or crosswise npon the open beams. 

631. Curved nbs of a tnbnlar form have, within a few years 
back, been tried with snccess, and bid fair to supersede the or- 
dinary plate rib, as with the same amount of metal they combine 
more strength than the flat rib. 

The appucatiou of tubnlar ribs was first made in the United 
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Stctes by Major Delafield of the U. S. Corps of Enffineers, in 
an arch for a bridge of 80 feet span. Each rib was formed of 
nine segments ; each segment (Fig. 95) being cast in one piece, 
the cross section of which is an elhptical ring of uniform thick- 
ness, the ti-ansrerse axis of the ellipse being in the direction of 
the radins of curvature of the rib. A broad elliptical flanch 
with ribs, or stays, is cast on each end of the segment, to connect 
the parts with each other ; and three chairs^ or saddle pi^x^ea^ 
with grooves in them, are cast upon the entrados of eacn seg- 
ment, and at eoual intervals apart, to receive the open beam 
which rests on tne curved rib. 

The ribs are connected by an open tie plate, (Fig. 95.) Eaised 
elliptical projections are cast on each face of the tie plate, where 
it is connected with trie segments, which are adjusted accurately 
to the interior surface of each pair of segments, between which 
the tie plate is embraced. The segments and plate are fastened 
by screw bolts passed through the end flanches of the segments. 

The tie plates form the only connection between the curved 
ribs ; the broad ribbed flanches of the segments, and the raised 
rims of the tie plates inserted into the ends of the tubes, giving 
all the advantages and stiffness of diagonal pieces. 

632. Tubular ribs with an elliptical cross section have been 
used in France for many of their bridges. They were first intro- 
duced but a few years back by M. Polonceau, after whose 
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designs the greater part of tltese Btmctures have beer hmlt. 
According to M. Polonceau's plan, each rib consists of two 
symmetrical parts divided lengmwise by a vertical joint Each 
half of the rib is composed of a nmnber of segments so distribut* 
ed as to break joints, in order that when the segments are nut 
together there shall be no continuous cross joint through the ribs. 

The segments (Fig. 96) are cast with a top and bottom flanch 
and one also at each end. The halves of the rib are connected 
by bolts through the upper and lower flanches, and the segments 
by bolts through the end flanches. 

For the purposes of adjusting the se^ents and bringing the 
rib to a suitable de^ee of tension, flat pieces of wrought iron of 
a wedge shape are driven into the joints between the segments, 
and are coimned in the joints by the bolts which fasten the 
se^ents and which also pass through these wedges. 

To connect the ribs with each other, iron tubular pieces are 




Fift. 97—RepreAeht8 the half of a tnuB of wrouffht iron for the now Hooses of Pftrllaxnent, EnglaaAi 
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cast m>n sockets, within which the en<ls of the bars are secured by screw bolts. 
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placed between them, the ends of the tubes being suitably ad 
justed to the sides of the ribs. Wrought iron rods whicli serve 
as ties pass through the tubes and ribs, being arranged with 
screws and nuts to draw the ribs firmly against the tubular pieces, 
Dia^nal pieces of a suitable form are placed between tlie ribs 
to give them the requisite degree of stinness. 

Si the bridges constructed by Mr. Polonceau according to 
this plan, he supports the longitudinal beams of the roadway by 
cast iron rings wnich are fastened to the ribs and to each other, 
and bear a cnair of suitable form to receive the beams. 

533. Iron roof Trusses. Frames of iron for roofs have been 
made either entirely of wrought iron, or of a combination of 
wrought and cast iron, or of these two last materials combined 
with timber. The combinations for the trusses of roofs of iron 
are in all respects the same as in those for timber trusses. The 
parts of the truss subjected to a cross strain, or to one of com 
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pression, are arranged to give the most suitable forms foi 
strength, and to adapt them to the object in view. The parts 
subjected to a strain of extension, as the tie-beam and king and 
queen posts, are made either of wrought iron or of timber, as may 
befound best adapted to the particular end proposed. Tlie joints 
are in some cases arranged by inserting the ends of the beams, 
or bars, in cast iron sockets, or shoes of a suitable form ; in 
others the beams are united by joints arranged like those for 
timber frames, the joints in all cases being secured by wrought 
iron bolts and keys. (Figs. 97, 98, and 99.) 




Ftg. 90— B«pr«aeiitB the arraiiM* 
ments of the parts «t the Jou 
In Fig. 96. 

A, side view of the pieces sik* 
Joint 

' rafter of the enm 



rafter of the croai 
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section B. 
(, common 

section 0. 
Cf cross section of pnrllns and 

Joint for fastening the eom- 

men rafters to the purlins. 
d, cast Iron socket arranged 

to confine the pieces a, b 



534. Fleanble Suj^portsfor Frames. Chains and ropes may 
frequently^ be substituted with advantage, for ri^d materials, as 
intermediate points of support for frames, forming systems of 
suspension in which the parts supported are suspended from 
the flexible supports, or else rest upon them either directly, or 
through the intermedium of rigid beams. 

535. All systems of suspension are based nnon the property 
which the catenary curve in a state of equilibrium possesses 
of converting vertical pressures upon it into tensions in the di- 
rection of the curve. These systems therefore offer tlie advan- 
tages of presenting the materials of which they are composed 
in the best manner for calling into action the greatest amount 
of resistance of which they are capable, and of allowing the 
dimensions of the parts to be adapted to the strain thrown upon 
them more accurately than can be done in rigid systems ; mus 
avoiding much of the unproductive weight necessarily intro- 
duced into structures of stone, wood, and cast iron. They oft'er 
also the farther advantages that in their construction the parte 
of which they are composed can be readily adjusted, put together 
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ar.d taken apart for repairs. They present the disadvai.tages of 
changing both their form and dimensions from tlie action of the 
weather and variations of temperature, and of being liable to 

frave accidents from undulations and vertical vibrations caused 
y high winds, or moveable loads. The require, therefore, that 
the fixed points of support of the system should be very firm 
and dumble, and tliat constant attention should be given to 
keep the system in a thorough state of repair. 

536. A chain or rope, when fastened at each extremity to 
fixed points of support, will, from the action of gravity, assume 
the form of a catenary in a state of equilibrium, whether the 
two extremities be on the same, or different levels. The rela- 
tive height of the fixed supports may therefore be made to 
conform to the locality. 

537. The ratio of the versed sine of the arc to its chord, or 
span, will also depend, for the most part, on local circumstances 
and the object of the suspended structure. .The wider the span, 
or chord, for the same versed sine, the greater will be the 
tension idong the curve, and the more strength will therefore 
be required in all the parts. The reverse wiU obtain for an 
increase of versed sine for the same span ; but there will be an 
increase in the length of the curve. 

638. The chains may either be attached at the extremities of 
the curve to the fixed supports, or piers ; or they may rest upon 
them, (Fig. 100, 101,) bemg fixed into anchoring masses, or 
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yig. lOl->Bepr«0ont8 the manner In which the sjetem may be arranged when a sinclc pior If 

placed between^the extreme points of the bearing. 

abutments, at some distance beyond the piers. Local circinn- 
Btances will determine whicli of the two metliods will be the 
more suitable. Tlie latter is generally adopted, particularly if 
the piers require to be high, since the strain upon them from 
tlie tension might, from the leverage, cause rupture in the pier 
near the bottom, and "Decaiise, moreover, it Remedies in some 
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degree the inconveniences arising from variations of tensicp 
caused either by a moveable load, or changes of temperature. 
Piers of wood, or of cast iron moveable around a joint attheii 
base, have been used instead of fixed piers, with the object 
of remedying the same inconveniences. 

539. When the chains pass over the piera and are anchored 
at some distance bevond them, tliev may either rest upon 
saddle pieces of cast iron, or upon pulleys placed on the piers. 

540. The position of the ancnoring points will depend upon 
local circumstances. The two branches of the chain may either 
make equal angles with the axis of the pier, thus assuming the 
same curvature on each side of it, or else the extremity ot the 
chain may be anchored at a point nearer to the base of the pier. 
In the former case the resultant of the tensions and weights will 
be vertical and in tlie direction of the axis of the pier, in the 
latter it will be oblique to the axis, and should pass so fiir 
within the base that the material will be secure from crushing. 

541. The anchoring points are usuallv masses of masonry of 
a suitable form to resist the strain to which they are subjected. 
They may be placed either above or below the surface of the 
ground, as the locality may demand. The kind of resistance 
offered by them to the tension on the chain will depend upon 
the position of the chain. K the two branches of the cnain make 
equal angles with the axis of the pier, the resistance offered 
by the abutments will mainly depend upon the strength of the 
material of which they are formed. If the branches of the 
chain make unequal angles with the axis of the pier, the branch 
fixed to the anchoring mass is usually deflected in a vertical 
direction, and so secured that the weignt of the abutment may 
act in resisting the tension on the chain. In this plan fixed 
pulleys placed on very fii-m supports will be required at the point 
of deflection of the chain to resist the pressure arising from 
the tension at these points. 

Whenever it is practicable the abutment and pier should be suit- 
ably connected to increase the resistance offered by the former. 

Tlie connection between the chains and abutments should be 
so arranged that the pai*ts can be readily examined. The chains 
at these points are sometimes imbeddea in a paste of fat lime to 
preserve them from oxidation. 

542. The chains may be placed either above or below the 
structure to be supported. The former gives a system of more 
stability than the latter, owing to the position ol the centre of 
gravity, but it usually requires high piers, and the chain cannot 
generally be so well arranged as in the latter to subserve the re- 
quired purposes. The curves may consist of one or more chains. 
Several are usually preferred to a jingle one, as for the sa 
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amount of metal they offer more resistance, can be moi e accu> 
rately manafactured, are less liable to accidents, and can be 
more easily put up and replaced than a single chain. The 
chains of the curve may be placed either side Dy side, or above 
each other, according to circumstances. 

543. The curves miv be formed either of chains, of wire ca 
bles, or of bands of noop iron. Each of diese methods han 
found its ' respective advocates among engineers. Those whc 
prefer wire cables to chains urge that the latter are more liable 
to accidents than the former, that their sti*ongth is less uniform 
and less in proportion to their weight than that of wire cables, 
that iron bars are more liable to contain concealed defects than 
wire,< that Uie proofs to which chains are subjected may increase 
without, in all cases, exposing these defects, and that the con- 
struction and putting up of chains is more expensive and diffi- 
cult than for wire cables. The opponents of wire cables state 
that they are open to the same objections as those urged against 
chains, that they offer a greater apiount of surface to oxidation 
than the same volume of bar iron would, and that no precau- 
tion can prevent the moisture from penetrating into a wire 
cable and causing rapid oxidation. 

That in this, as in all like discussions, an exag^rated degree 
of importance should have been attached to the objections urged 
on each side was but natural. Experience, however, derived 
from existing works, has shown that each method may be ap- 
plied with safety to structures of the boldest character, and that 
wherever failures have been met with in either method, they 
were attributable to those faults of workmanship, or to defects 
in the material used, which can hardly be anticipated and 
avoided in any novel application of a like character. Time 
alone can definitively decide upon the comparative merits of the 
two methods, and now far either of them may be used with 
advantage in the place of structures of more rigid materials. 

644. The chains of the curves may be formed of either round, 
square, or flat bars. Chains of flat bars have been most gene* 
rally used. These are formed in long links which are connected 
by short plates and bolts. Each link consists of several bars of 
the same length, each of which is perforated with a hole at 
each end to receive the connecting bolts. The bars of each 
link are placed side by side, and me links are connected by 
theplates which form a short link, and the bolts. 

Tne links of the portions of the chain which rest upon the 
piers may either be bent, or else be made shorter tnan the 
others to accommodate the chain to the curved form of the 8ur« 
face on which it rests. 

545. The vertical suspension bars may be either of round ox 
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fiqnare bare. They are usually made with one or more articn 
lations, to admit of their yielding with less strain to the bar tc 
any motion of vibration, or of oscillation. They may be sus- 
pended from the connecting bolts of the links, but the prefera- 
ble method is to attach them to a suitable saddle piece which 
is fitted to the top of the chain and thus distributes the strain 
upon the bar more uniformly over the bolts and links. The 
lower end of the bar is suitably arranged to connect it witli 
the part suspended from it. 

546. The wire cables used for curves are composed of wires 
laid side by side, which are brought to a cylindrical shape and 
confined hj a spiral wrapping of wire. To form the cable seve- 
ral eoual sized ropes, or yams, are first made. This may be 
done oy cutting all the wires of the length required for the yam, 
or by uniting end to end the requisite number of wires for the 
yam, and then winding them around two pieces of wrought or 
of cast iron, of a horse^oe shape, with a suitable gorge to re- 
ceive the wires, which are placed as far asunder as the required 
length of the yarn. The yam is firmly attached at its two ends 
to the iron pieces, or crv/ppera^ and the wires are temporarily con- 
fined at intermediate points by a spiral lashing of wire. Whichever 
of the two methods be adopted, great care must be taken to give 
to every wire of the yam the same decree of tension by a suitable 
mechanism. The cable is completed after the yams are placed 
upon the piers and secured to tne anchoring ropes or chains ; for 
this purpose the temporary lashings of the yams are undone, and 
all tne yams are imited and brought to a cylindrical shape and 
secured throughout the extent of the cable, to within a short 
distance of each pier, by a continuous spiral lashing of wire. 

The part of the cable which rests upon the pier is not bound 
with wire, but is spread over the saddle piece with a imiform 
thickness. 

547. The suspension ropes are formed in the same way as the 
cables ; they are usually arranged with a loop at each ena, form- 
ed around an iron crupper, to connect them with the cables, 
to which they are attaelicd, and to the parts of the structure 
suspended from them by suitable saddle pieces. 

548. To secure the cables from oxidation the iron wires are 
coated with varnish before they are made into yarns, and after 
the cables are completed they are either coated with the usual 
paints for securing iron from the effects of moisture, or ehse 
covered with some impermeable material. 

549. EtperimervU on the Si/rength of Frames, Experimental 
researches on this point have been mostly restricted to thoee 
made with models on a comparatively small scale, owing to the 
expense and difficulty attendant upon experiments on frames 
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having the form and dimensions of those employed in ordinary 
Btnictures. 

Among the most remarkable experiments on a lar^e scale 
are those made by order of the French government at Lorient, 
under the direction of M. Riebell, the superintending engineer 
of the port, and published in the Anruues Ma/ritimes et Colo 
nialeSj Feb. and Kov., 1887. 

The experiments were made by first setting np the frame to 
be tried, and, after it had settled imder the action of its own 
weight, suspending from the back of it, by ropes placed at 
equal intervals apart, equal weights to represent a load uni 
formly distributed over tne back of the frame. 

The results contained in the following table are from experi- 
ments on a truss (Fig. 102) for the roof of a ship shed. The 
truss consisted of two rafters and a tie beam, with suspension 

Fig: IM. 




pieces in pairs, and diagonal iron bolts which were added be- 
cause it was necessary to scarf the tie beam. Tlie span of the 
truss was 66^ feet ; the rafters had a slope of 1 perpendicular to 
4 base. The thickness of the beams, measured horizontally, was 
about 2^ inches, their depth about 18 inches. Tlie amount of 
the settling at each rope was ascertained by fixed graduated 
vertical roos, the measures being taken below a horizontal line 
marked 0. * 
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Weight nniformlj dlstribnted, 1654 lbs. 
Da do. 8680 lbs. 
00. do. 1654 Ibe. And 1868 Ibn, sna- 
pended from the centre of the frame 
8680 lb&, oniformly distributed, and 1868 Iba. from the 
centre 
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The following table gives the results of experiments made on 
frames of the usual forms of straight and curved timber for roof 
trusses. The cun ed pieces were made of two thicknesses, each 

26 



203 



FRAMIN0. 



8} iccliee. The numbers in the fifth column give the mtioe 
between the weight of the frame and that of the weight borne 
by which the elasticity was not impaired. 

He* 108. 




ni.101 
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FnmelbrmedoftwonftenAndfttiebeam . 
Do. do. da 

ftnd BOspensioQ pieces in pain, (Fig. 108). . 
Frame or a scfrment aroh oonflned dt a tie 

liesm, (Fig. IM) 

Da da da 

with sQspeiulon ptecee in pftlrSi (Fig. 100) . 
Frame of » segment ftroh with ratten oon- 
flned at their foot hy a tie piece, (Fig. 100) . 
Frame of a ftill centre arch conflned bj a . 

tie beam • • 

Da da 

with napenaioB pleeea In pain 



da 



soft. 



04 ft. 



60 ft. 



4 

a 



I 

► 

o 

i 



8ft. 



lift. 



80 ft. 



8.0 In. 



IS In. 



ailn. 



Tin. 






ill 



-3 ^ 

r 
-1^ 






1480 8600 



8188 
8180 
S.S8 
8.81 

too 

8J1 



sno 



8900 

0111 
4880 




8918 

6980 

18840 

180TT 

S1880 

0101 



I 



See NoU A^ Append4e\ 
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fl50. TTxDEB this head will be comprised that class cf struc- 
tures whose object is to afford a line of communication above 
the general surface of a country, either by means of a roadway, 
or of a water-way, without obstructing those communicationa 
which lie upon the surface. 

When the structure supports a roadway it is termed a viadv^; 
and when a water-wa^ an aqueduct 

li the structure is hmited to affording a communication over 
a water-course, it is termed a bridge when it supports a road- 
way, and an (tqueduct^bridge when it affords a water-way. 

For the convenience of aescription, bridges, &c., may be |la& 
sified either from the kind of material of which they are lon- 
struoted, as a Stone-Bridge^ a WoodenrBridge^ &c., or from the 
character of the structure, as a Perrnanrnt-Bridge^ a Dravy 
Bridge^ &c. ' 

BTONE BBIDGES. 

551. A stone bridge oonsists of a roadway which rests upon 
one or more arches, usually of a cylindrical form, the abutments 
and piers of the arches bemg of sufficient height and strength 
to secure them and the roadway from the effects of an extraor- 
dinary rise in the water-course. 

662. Locality. The point where a bridge may be required, 
as well as the direction of the axi%^ or centre line of the roadway 
over the bridge, usually depends upon the position of a line of 
communication which traverses the water-course, and of which 
the bridge is a necessary link. When, however, the en^neer is 
not restricted in the choice of a suitable locality by this condi- 
tion, he should endeavor to select one where the soil of the bed 
will afford a firm support for the foundations of the structure : 
where the approacheSy or avenues leading from the banks of the 
watercourse to the bridge can be easily made, not requiring 
high embankments or deep excavations ; and one where the re- 
gimen of the water-course is uniform and not likely to be 
changed in any hurtful degree by elbows, or other variations 
in the water-way near the bridge, or by the obstruction which 
the foundations, &c., of the structure may offer to the free dis- 
charge of the water. 

To avoid the difficulties which the construction of askew arches 
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presents, the axis of the bridge should be perpendicular to the 
direction of the thread of the current, since for tne security of the 
foundations, the faces of the piers and abutments of the arches 
must be placed parallel to the thread of the current. 

553. Survey. With whatever considerations the locality maj 
have been selected, a careful survey must be made not only of 
it, but also of the water-course and it€ environs for some distance 
above and below the point which the bridge will occupy, to en- 
able the engineer to judge of the probable effects wnich the 
bridge when erected may have upon the natural regimen of the 
water-course. 

The object of the survey will be to ascertain thoroughly the 
natural features of the surface, the nature of the subsoil of the 
bed and banks of the water- course, and the character of the 
water-course at its different phases of high and low water, and 
of freshets. This information will be embodied in atopographi 
cal map ; in cross and longitudinal sections of the water-course 
and the substrata of its bed and banks, as ascertained by sound- 
ings and borings ; and in a descriptive memoir which, besides the 
usual state of the water-course, should exhibit an account of 
its changes, occasioned either by permanent or by accidental 
causes, as from the effects of extraordinary freshets, or from 
the construction of bridges, dams, and other artificial changes 
either in the bed or banks. 

554. Having obtained a thorough knowledge both of the posi- 
tion to be occupied bv the bridge and its environs, the two most 
essential points which will next demand the consideration of the 
engineer will be, in the first place, so to adapt his proposed struc- 
ture to the locality, that a suflicient water-way shall be left both for 
navigable purposes and for the free discharge of the water accu< 
mulated during high freshets ; and, in the second, to adopt such 
a system of foundations as will be most likely to ensure the 
safety of the structure when exposed to this cause of danger. 

555. WcUer-way. When the natural water-way of a river is 
obstructed by any artificial means, the contraction, if consider- 
able, will cause the water, above the point where the obstruction 
is placed, to rise higher than the level of that below it, and pro- 
duce a fail, with an increased velocity due to it, in the current 
between the two levels. These causes during heavy freshets, 
maybe productive of serious injury to agriculture, from the ovei^ 
flowing of the banks of the water course ; — ^may endanger, if not 
entirely suspend navigation, during the seasons of freshets ; — and 
expose any stnicture which, like a bridge, forms the obstruction. 
to ruin, from the increased action of the current upon the soil 
around its foundations. If, on the contrary, the natural water 
way is enlai'ged at the point where the structure is placed, witb 
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the view of preventing these consequencefl, the velocity of the 
current, dunng the ordinary stages of the water, will be de- 
creased, and niis will occasion deposits to be foiined at the 
point, which, by gradually filling up the bed, might, on a sudden 
rise of the water, prove a more serious obstruction than the struc- 
ture itself; particularly if the main bodj of the wat<3r should hap* 
pen to be diverted by the deposit from its ordinary channels, and 
form new ones of greater depth around the foundations of the 
structure. 

The water-way left by the structure should, for the reasons 
above, be so regulated that no considerable change shall be oc- 
casioned in the velocity of the current through it during the 
most unfavorable st^ee of the water. 

656. For the purpose of deciding upon the most suitable ve- 
locity for the current through the contracted water-way formed 
by the structure, the velocity of the current and its effects upon 
thQ soil of the banks and bed of the natural water-way should be 
carefully noted at those seasons when the water is highest ; s€ 
lecting, in preference, for these observations, those pomts above 
and below the one which the bridge is to occupy, where the 
natural water-way is most contracted. 

657. The velocity of the current at any point may be ascer- 
tained by die simple process of allowing a liffhtball, orjloatoi 
some material, like wnite wax, or camphor, whose specific grav- 
ity is somewhat less than that of water, to be earned along by 
the current of the middle tliread of the water-course, and noting 
th^ time of its passage between two fixed stations. 

658. From the velocity at the surface, ascertained in this 
way, the average, or mean velocity of the water, which flows 
through the cross-section of any water-way between the stations 
where the observations are taken, may be found, by taking four 
fifths of the velocity at the surface. 

Having the mean velocity of the natural water-way, that of 
the artificial water-way will be obtained from the following ex- 
pression, 



t; = m — V, 



8 
8 



in which s and v represent, respectively, the area and mean 
velocity of the artificial water-way ; s and v, the same data of 
the natural water-way ; and m a constant quantity, which, as 
determined from various experiments, may be represented by the 
mixed number 1,097. 

With regard to the effect of the increased velocity on the bed, 
there are no experiments which directly apply to the cases usually 
met with. The following table is drawn up from experinieuts 
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made in a confined channel, the bottom and sides of the channel 
being formed of rough boards. 



Stages of scenma- 
Utton termed 


Velocity of 
river in feet 
per second. 


Netnre of the bottom which Jnet bears 
sneh veloa'ties. 


Specific gravi- 
ty of the mi^ 
teriaL 


Ordlnuy iloodB . 

Untform tenon . 

Gliding . . . 
I>iiU . . . . 


(8.8 
' 8.17 
1.07 
• 0.68 
0.71 
0.861 
0.86 


Angular stones, the sixe of a hen's eag . 
Bounded pebbles one inch in diameter . 
Orayel of the size of garden beans . . . 
Gravel ofthesise of peas ...... 

Ooarse yellow sand , 

Sand, the grains the sIm of aniseeds . . 
Brown pooerlselax 




8.86 

8.614 

8.645 

8.645 

8.86 

8.545 

8.64 



559. Bays, With the data now before him, the engineer can 
proceed to the arrangement of the forms and details of the va- 
rious parts of the proposed structure. 

The first point to be considered under this head will be the 
number of bays^ or intervals into which the natural water-way 
must be divided, and the forms and dimensions of the arches 
which span the bavs. 

Ab a general rule, there should be an odd number of bays, 
whenever the width of the water-way is too great to be spanned 
by a single arch. Local circumstance may re<}uire a departure 
from this canon ; but when departed from, it will be at tne cost 
of architectural effect; since no secondary feature can occupy 
the central point in any architectural composition without impair • 
ing the beauhr of the structure to the eye ; and as the arches 
are the main features of a stone bridge, the central point ought 
to be occupied by one of them. 

The width of the bays vill depend mainly upon the charac- 
ter of the current, the nature of tne soil upon which the founda- 
tions rest, and the kind of material that can be obtained for the 
masonry. 

For streams with a gentle current, which are not subject to 
heavy freshets, narrow bays, or those of a medium size maybe 
adopted, because, even a considerable diminution of the natural 
water-way wiU not greatly affect the velocity under the bridge, 
and the foundations uierefore will not be liable to be undermined. 
The difficulty, moreover, of laying the foundations instreamsof 
this character is generally inconsiderable. For streams with a 
rapid current, and which are moreover subject to great freshets, 
wide bays will be most suitable, in order, by procuring a wide 
water-way, to diminish the danger to the points of support, in 
placing as few in the stream as practicable. 

If materials of the best quality can be procured for the stmo- 
ture, wide bays with bold arches can be adopted with safety ; 
but, if the materials are of an inferior quality, it will be most 
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pmdent to adopt bays of a small, or medium space, and a 
strong form of arch. 

560. Arches. Cylindrical arches with any of the usual form* 
of curve of intrados may be used for bridges. The selection 
will be restricted by the width of the bay, the highest water- 
level during freshets, tlie approaches to the bridge, and the 
architectural effect which may be produced by the structure, as 
it is more or less exposed to view at the intermediate stages be- 
tween high and low water. 

Oval and segment arches are mostly preferred to the full cen- 
tre arch, particularly for medium and wide bays, for the reasons 
that, for tne same level of roadway, they afford a more ample 
water-way under them, and their ncads and spandrels offer a 
smaller surface to the pressure of the water during freshets than 
the full centre arch under like circumstances. 

The full centre arch, from the intrinsic beauty of its form, the 
simplicity of itBConstruction,anditsstrength,should be preferred 
to any other arch for bridges over water-courses of a uniformly 
moderate current, and which are not subjected to considerable 
changes in their water-levels, particularly when its adoption does 
not demand expensive embankments for the approacnes. 

If the bays spanned by the arches are of the same width, the 
curves of all the arches must be identical. If tlie bays are of 
unequal ^idth, the widest should occupy the centre of the struc- 
ture, and those on each side of the centre should either be of 
equal width, or else decrease unifonnly from the centre to each 
extremity of the bridge. In tliis case the curves of the arches 
should be similar, and have their springing lines on the same 
level throughout the bridge. 

The level of the springmg lines will depend upon the rise of 
the arches, and the neignt of their crowns above the water-level 
of the highest freshets. The crown of the arches should not, as 
a general rule, be less than three feet above the highest known 
water-level, in order that a passage-way maybe left for floating 
bodies descending during freshets. Between this, the lowest 
position of the crown, and any other, the rise should be so chosen 
that the approaches, on tlie one hand, may not be unnecessarily 
raised, nor, on the other, the springing lines be placed so low 
as to mar the architectural effect of tne structure during the 
ordinary stages of the water. 

When the arches are of the same size, the axis of the roadway 
and the principal architectural lines which run lengthwise along 
the heaos of the bridge, as the top of the parapet, the cornice, 
&c., &a, will be horizontal, and the bridge, to use a common 
expression, be on a dead level throughout. This has for some 
time been a favorite feature in bridge architecture, few of the 
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more recent and celebrated bridges being without it, as it is 
thought to ^ve a character of lightness and boldness to the struc- 
ture which 18 wanting in bridges built with a uniform declivity 
from the centre to the extreme arches. Without stopping to 
examine this claim of architectural beaitty for level bridges, it 
is well to state that it may be purchased at too great a cost, par- 
ticularly in localities where tne relative level of the roadway 
and of the adjacent ground would demand high embankments 
for the approaches. 

561. Style of Architect/u/re. The design and construction of 
a bridge should be governed by the same general principles as 
any omer architectural composition. As the object of a oridge 
is to bear heavy loads, and to withstand the effects of one of 
the most destructive agents with which the engineer has to 
contend, the general character of its architecture should be that 
of strength. It should not only be secure, but to the apprehen- 
sion appear so. It should be equally removed from Egyptian mas- 
si veness and Corinthian lightness ; while, at the same time, it 
should conform to the features of tlie surrounding locality, being 
more ornate and carefully wrought in its minor details in a city, 
and near buildings of a sumptuous style, than in more obscure 
quarters ; and assuming every shade of conformity, from tliat 
which would be in keeping with the humblest hamlet and tamest 
landscape to the boldest features presented by Nature and Art. 
Simplicity and strength are its natural characteristics ; all orna- 
ment of detail being rejected which is not of obvious utility, and 
suitable to the point of view from which it must be seen ; as well 
as all attempts at boldness of general design which might give 
rise to a feeling of insecurity, however unfounded in reality. Tlie 
most, therefore, that can be tried in the way of mere ornament, 
even under the most favorable circumstances, will be to combine 
the voussoirs of the arches with the horizontal courses of the span- 
drels in a regular and suitable manner, — ^toadd a projecting cor- 
nice, with supporting members if necessary, of an agreeable pro- 
file, — and to give such a form to the ends of the piers, termea the 
starlings^ or cv^rwoiters^ as shall heighten the general pleasing 
effect. The heads of the bridge, the cornice, and the parapet 
should also generally present an unbroken outline ; this, however, 
may be departed from in bridges where it is desirable to place re- 
cesses for seats, so as not to interfere with the footpaths ; in which 
case a plain buttress may be built above each starling to support 
the recess and its seats, the utility of which will be obvious, wnile 
it will give an appearance of adaitional strength when the heigJit 
of the parapet above the starlings is at all considerable. 

662. Conai/ructiorh. The methods of laying the foundations 
3f structures of stone, &c., described imder the article of Ma- 
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Boniy, bein^ alike applicable to all structures which come undei 
this denomination, there only remains to be added under thia 
head whatever is peculiar to bridge-building. Either of the 
methods referred to may be employed in laying the foundations 
of the abutments and piers of a bridge, which, in the judgment > 
of the engineer, may be most suited to the locality, and will be 
least expensive. As the foundations and their beds of the parta 
in question are greatly exposed, from the action of tlie current 
both upon the soil around them and upon the materials used 
for their construction, the utmost precaution should be taken to 
secure them from damage, by giving to the foundation-bed an 
ample spread where the soil is at all yielding ; by selecting the 
most durable materials for the masonry of these parts ; and by 
employing some suitable means for securing the bed of the 
natural water-way around and between the piers from being 
removed by the current. 

663. Various expedients have been tried to effect this last 
object ; among the most simple and efficacious of which is that 
of covering the surface to be protected by a bed of stone broken 
into fragments of sufficient Dulk to resist the velocity of the 
current in the bays, if the soil is of an ordinary clayey mud; 
but, if it be of loose sand or gravel, the surface should be first 
covered by a bed of tenacious clay before the stone be thrown 
in. The voids between the blocks of stone, in time, become 
filled with a deposite of mud, which, acting as a cement, gives 
to the mass a character of great durability. 

564. The foundation courses of the piers should be formed of 
heavy blocks of cut stone bonded in the most careful manner, 
and carried up in offsets. The faces of the piers should be of 
cut stone well bonded. They may be built either vertically, or 
with a slight batter. Their thickness at the impost should be 
greater than what would be deemed sufficient under ordinary 
circumstances ; as they are exposed to the destructive action of 
the current, and of shocks from heavy floating bodies ; and from 
the loss of weight of the parts immersed, owing to the buoyant 
effort of the water, their resistance is decreased. The most suc- 
cessful bridge architects have adopted the practice of inaking 
the thickness of the piers at the impost between one sixth ana 
one eighth of the span of the arch. The thickness of the piere 
of the bridffe of ]N euilly, near Paris, built by the celebrated 
Perronet, wnose works form an epoch in modetn bridge archi- 
tecture, is only one ninth of the span, its arches also being re- 
markable for the boldness of their curve. 

565. The usual practice is to give to all the piers tic same 
proportional thickness. It has however been recommei ded by 
some engineers to give sufficient thickness to a few of the piew 
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to resist the horizontal thrust of the arches on either side of 
them, and thus secure a part of the structure from ruin, should 
an accident happen to any 'of the other piers. Tliese masses, 
to which the name abutment piers has been applied, would be 
objectionable from the diminution of the natural water-way that 
would be caused by their bulk, and from the additional cost for 
their construction, besides imi>airing tae architectural eflfect of 
the structure. They present the advantage, in addition to their 
main object, of permitting the bridge to be constructed by 
sections, and thus procure an econoniy in the cost of the wooden 
centres for the arches. 

566. The projection of the starlings beyond the heads of the 
bridffe, their form, and the height given to them above the spring- 
ing lines, will depend upon local circumstances. As the mam 
objects of the starlings are to form a fender^ or gvAj/rd to secure 
the masonry of the spandrels, &c., from being damaged by float- 
ing bodies, and to serve as a cut-water to turn the current aside, 
aim prevent the formation of whirls, and their action on the bed 
around the foundations, the form given to them should subserve 
both these purposes. Of the different forms of horizontal section 
which have been given to starlings, (Figs. 107, 108, 109, 110,) 
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Figs. 107, lOa, and 110— Bepre- 
aent hurisontal seetioiis of 
Btarlings A of the more usual 
forms, and part of the pier B 
above the foundation courses. 
Fig. 109 represents the plan of 
the hood of a starllns laid lo 
courses, the general sliape be- 
inff that of the quarter of • 
qiihere. 



the semi-ellipfee, from experiments carefullv made, with these 
ends in view, appears best to satisfy both o meets. 

The up and down stream starlings, in tidal rivers not subject 
to freshets and ice, usually receive the same projections, which, 
when their plan is a semi-ellipse, must be somewhat greater than 
the semi- width of the pier. Their general vertical outline ifl 
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columnar, being either straight or swelle , (Figs. Ill, 112, *13. 
114.) They should be built as high as the ordinary highest 
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Wig. Ill— BeproMBtB in eleTatioii ttarlings i, th«tr koods B, the yooflBoln O, the apeBdieb D 
and the oomblnation of their connee ua joints with eeoh other in an oml areh of thret 
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Fig. lli--B< y T Cf nte « onmimUob 
and eleTauon through the erowa 
of Fig. lia, ahowlng the arrange- 
ment also of the roadway, foot* 
pathA) parapet, and oorniiM. 



water-level. They are finished at top with a coping stone to 
preserve the masonry from the action of rain, &c. : this stone, 
termed the hood^ ma,y receive a conical, a spheroidal, or any 
other shape which will subserve the object in view, and produce 
a pleaeing architectural eflfect, in keeping with the locality. 

In streams subject to freshets and ice, the up stream starling 
should receive a greater projection than those down stream, and, 
moreover, be buflt in i^e form of an inclined plane (Fig. 115) 
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Fl^ 115— Kepreaenta a side elevation M 
and plan M of a pier of the Potomao 
aqaednct, anmi^ped with an lce« 
breaker starling. 

A, ap<streaDi starang, with the IncUn- 
ed ice-breaker D which risea fK»m 
the low-water level above that of the 
highest ft-esbeta. 

B, down-stream starling 
O, face of pier. 

E, top of pier. 

F, horizontal prcjeetloB of top of Ice* 
breaker. 

GO. horlsontal pit«)Mtlon of lkc(« c^' 
pier and starlings 
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to facilitate the breaking of the ice, and its passage through 
the arches. 
667. Where the banks of a water-course spanned by a bridge 



are so Bleep and difficult of access tliat the roadwi v ir.iiBt ht 
raised to the saiiie level with their crests, eeenrity for tbe founda- 
tion, and economy in the construction demand that hollow or 
open piers be used instead of a solid mass of masonir. A con- 
struction of this kind requires great precaution. The facing 
Coni-Bes of the piers iiuflt tie of heavy Dlocks dressed with ex- 
treme accuracy. The starlings must be built solid. The faces 
must be connected by one or more cross tie-walls of heavy, well- 
bonded blocks ; the tie-walie being connectod from distance to 
distance vertically by strong tie-biockB ; or, if the width of the 
pier be considerable, by a tie-wall along its centre line. 

S68. The foundations, the dimensions, and the form of the 
abutments of a bridge will be regulated upon the same principles 
as the like parts of other arched structures; a judicious con- 
formity to tile character of strength demanded by the structure, 
and to the requirements of the locality being observed. The 
walls which at the extremities of the bridge form the con- 
tinuation of the heads, and sustain the embankments of the ap- 
{ (roaches, — and which, from their widening out from the general 
ine of the heads, so as to foi-m a gradual contraction of the 
avenue by which the bridge isapproached, are termed thewtny- 
walls, — serve as firm buttresses to the abutmenis. In some ca&ea 
the back of the abutment is terminated by a cylindrical arch, 
(Fig. 116,) placed on end, or having ila right-line elements vei^ 



BeatloB of u ibntrnflnt A wHk 
Mnigtt wlng-inlb B, ^ tar 
mltuMd bf ntum-nlk 0, CL 



ticul,_which connects the two wiug-walU. In otliOTa (Fig. 117) 
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a rectangnlar-aliaped bnttrees is bnilt back fron the centre line 
of the abutment, and is connected witb the wine walls either by 
horizontal arches, or by a vertical cross tie-wall. 

569. The wing-walls may be either plane surface walls (Fig, 
118) arranged to make a given angle with the headsof the bridge, 
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or they may be curved sarface-walls presenting their concavity, 
(Fig. 126,) or their convexity to the exterior ; or of any other 
shape, whether presenting a dontinuons, or a broken surface, that 
the locality may demanoT Their dimensions and form of profile 
will be regulated like those of any other sustaining wall ; and 
they receive a suitable finish at top to connect them with the 
bridge, and make them conform to the ontline of the embank- 
ments, or other approaches. 

570. The arches of bridges demand great care in proportion- 
ing the dimensions of the vouasoirs, and procuring accuracy in 
their forms, as the strength of the structure, and the permanence 
of its figure, will chiefly depend upon the attention bestowed on 
these points. Peculiar care should be given in arranging the 
masonry above the piers which lies between the two adjacent 
arches. In some of the more recent bridges, (Fig. 120,) this part 
ubuiltnpsolid but a short distance above the imposts, generally 
not higher tban a fourth of the rise, and is finished with a reversed 
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arch t :> give greater eecnrit^ against the cffecte ( f the preHur* 
throwu upon it 



A- flnlah of uUd tpudn 

B, wcdie ofitiUlnE H"™ 

C noHi OT«r tbs lUrllDgi for hsIb 

The backs of the arches should be covered with a water-tight 
capping of beton, and a coating of asphaltnm. 

571. The entire spandrel courses ot the heads are usiially not 
laid until the arches have been uncentred, and have settlod, in 
o.-derthatthe joints of these courses maynot be subject to any 
other cause of displacement than what may arise from the effects 
of variations of temperature upon the ar<mes. The thickness of 
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the bead-vftlle will depend upon the method adopted for bu{ j>ort 
ing the roadway. If this be by a filling of earth between the 
head-walls, then their thicknese must be calculated not only to 
reeiet the preBSure of the earth which they sustain, bnt allowance 
most also be made for the effects of the «nocke of floating bodiei 
in weakening the bond, and separating the blocks from their mor 
tar-bed. Tlie more appi-oved methodsof supporting tlie roadway, 
and which are now generally practised, except for very flat seg- 
ment archeSjare to lay the road materials either upon broad fla^ 
ging stones (Fig. 130, 121,) which rest upon thin brick walls buut 
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parallel to the head-walls, and snpported bv the piers and arches; 
or by small arches, (Fig. 123,) tor whicn these walla serve as 
piers ; or by a system of small groined arches supported by 
pillars resting upon the piers and main arclies. Wlien either 
of these metnode is used, the head-walls may receive a mean 
thickness of one fifth of their height above the solid spandrel. 

572. Superstructure. The Buperstructure of a bridge consists 
of a cornice, the roadway and footpaths, Ac, and a parapet. 

The object of the cornice is to shelter the face of the head- 
walls from rain. To subserve thispu/pose, its projection beyond 
the surface to be sheltered should be the greater as the altitude 
of the sheltered part is the more considerable. This rule will 
reqnire a cornice with supportine blocks, (Fig. 123,) termed 
modiHions, below it, whenever the projecting part would be 
actually, or might seem insecure from its weight. The height 
of the cornice, including its supports, should generally be equal 
to its projections ; this will often require more or less of detail 
in the profile of the cornice, in order that it may not Rppear 
heavy. The top surface of the cornice should be a little aoove 
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that of the footpath, or roadway, and be slightly slcped oi.t 
ward; the bottom ahoald be arranged with a sitiiahle larmier_ 



or drip, to prevent the water from finding a passage alosg its 
nuder sartace to the face of the wall. 



— EepreMnU k uctfon throagh Oie eromi 
b, ihawln)! lbs nmliig a, modlllloD b, {■ 
■Dd foalpUh d. 



B, dde elantlon of MiDt 



573. The parapet sunnonnte the cornice, and &h ^nld be high 
enough to secure vehicles and foot-passengers &om accidents, 
without however intercepting the view from the bridge. The 
parapet is nBUally a plain low wall of ont stone, snrmoanted bv 
a coping ulightlj ronnded on its top surface. In bridges wIiIcd 



STONE BRIDGES. 219 

hayc a character of lightness, like those with flat segmeat arches, 
the parapet may consist of alternate panels of plain wall and 
balustraaes, provided this an*angement be otherwise in keeping 
with the locality. The exterior face of the parapet should not 
project beyond that of the heads. The blocks of which it is 
torined, and particularly those of the coping, should be firmly 
secured with copper or iron cramps. 

574. The width of the roadway and of the footpaths will be 
regulated by the locality ; being greatest where the thoroughfares 
connected by the bridge are most frequented. Tliey are made 
either of broken, or of paving stone. They should be so arranged 
that the surface-water from rain shall run auickly into the side 
channels left to receive it, and be conducted trom thence by pipes 
which lead to vertical conduits (Fig. 121) in the piers that nave 
their outlets in one of the faces of the piers, and below the 
lowest water-level. 

575. Strong and durable stone, dressed with the chisel, or 
hammer, should alone be used for the masonrv of bridges where 
the span of the arch exceeds fifty feet. Tne interior of the 
piers, and the backing of the abutments and head-walls may, for 
economy, be of good rubble, provided great attention be bestowed 
upon the bond and workmanship. For medium and small spans 
a mixed masonry of dressed stone and rubble, or brick, m^ be 
used ; and, in some cases, brick alone. In all these cases (Figs. 
122, 124^ the starlings, — ^the foundation courses, — ^the impost 
stone, — tne ring courses, at least of the heads, — ^and the key- 
stone, should be of good dressed stone. The remainder may be 
of coursed rubble, or of the best brick, for the facing, with good 
rubble or brick for the fillings and backings. In amixed masonry 
of this character the courses of dressed stone may project slight- 
ly beyond the surfaces of the rest of the structure. The archi- 
tectural efiect of this arrangement is in some degree pleasing, 
particularly when the joints are chamfered ; and the method is 
obviously useful in structures of this kind, as protection is af- 
forded bv it to the surfaces which, from the nature of the mate- 
rial, or the character of the work, offer the least resistance to the 
destructive action of floating bodies. Hydraulic mortar should 
alone be used in every part of the masonry of bridges. 

576. Approaches. Tne arrangement of the approaches will 
depend upon the number and direction of the avenues leading to 
the bridge, — the width of the avenues, and theirposition above 
or below the natural surface of the ground, — ^and the locality. 
The principal points to be kept in view in theLr arrangement are 
to procure an easy and safe access to the bridge for venicles, and 
not to obstruct unnecessarily the channels, for purposes of navi- 
gation, which may be requisite under the extreme arches. 
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When the arenne to the bridge ia, by an embankment, in Ae 
same line as ite axis, and tlie roadway and bridge are of the same 
width, the hesd-w&lls of the bridge (Fig, 125) may be prolonged 
enfficientlj far to allow the foot m the embankment slope to Tall 
within a few feet of the crest of the slope of the water-couree ; 
this portion of the embankment slope being shaped into the form 
of a qnarter of a cone, and rereted with dry atone or sode, to pre- 
serve its surface from the action of rain. 

When Bereral avenues meet at a bridge, or where the width 
of 'Jie roadway of a direct avenue is greater tlian that of the 



bridge, the approaches are made by gradually w deniitg the out 
let from the bridge, until it attains tfie reqtiisite width, by mesiisot 
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wing-walls of any of the uBoal forma that may suit the locality. 
The form of wing-wall (Fig. 126) presenting a concave surface 
ontward is usually preferred when suited to the locahty, both 
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fcr its ftrchitectnral effect and its fltrength. When made ol 
dreeeed stone it is of more difficult coustmctioa and more ex- 



ponBiTe than the plane surface wall. 
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In order that tlie approaches may not obstruct the com* 
municatioDS along the banks for the purposes of navigatic n, au 
arched passage-way will, in most cases, be requisite under the 
roadway of me approach and behind the abutment of the ex- 
treme arch, for horses, and, if necessary, vehicles. Wlien the 
form of the arch will admit of it, as in flat segment arches, a 
roadway, projecting beyond the face of the abutment, may be 
made under the arch for the same purpose. 

577. Waterings. To secure the natural banks near the 
bridge, and the foundations of the abutments from the action of 
the current, a facing of dry stone, or of masonry, should be laid 
upon the slope of the banks, which should be properly prepared 
to receive it, and the foot of the facing must be secured by a 
mass of loose stone blocks spread over the bed around it, in ad- 
dition to which a line of sq uare-j ointed piles may be previously 
driven along the foot. When tne face of the abutment projects 
beyond the natural banks, an embankment faced witlx stone 
should be formed connecting the face with points on the natural 
banks above and below the bridge. By this ari-angement, 
termed the water-wings^ the natural water-way will be gradur 
ally contracted to conform to that left by the bridge. 

578. Enlargement of Water-way. In the fiill centre and oval 
arches, when the springing lines are placed low, the spandrels 

5 resent a considerable surface and obstruction to die current 
uring the higher stages of the water. This not only endangers 
the safety of me bridge, by the accumulation of drift-wood and 
ice whicn it occasions, but, during these epochs, gives a heavy 
appearance to the structure. To remedy these detects the solid 
angle, formed by the heads and the soflSt of the arcii, may be 
truncated, the base of the cuneiform-shaped mass taken away 
being near the springing lines of the arch, and its apex near the 
crown. The form of the detached mass may be variously ar- 
ranged. In the bridge of Neuilly, which is one of thefirst where 
this expedient was resorted to, Xhe surface, marked F, (Figs. 113, 
114,) left by detaching the mass in question, is warped, and lies 
between two plane curves, the one an arc of a circle n o, traced 
on the head of the bridge, the other an oval m o op, traced on 
die soffit of the arch. This aflTords a funnel-shaped water-way 
to each arch, and, during high water, gives a lignt appearance 
to the structure, as the voussoire of the head ring-course have 
then the appearance of belonging to a flat segmental arch. 

579. Centres. The framing of centres, and the arrangement 
for striking them, having been already fully explained under the 
article Framing, with illustrations taeen firom some of the meet 
celebrated recent structures, nothing further need be here added 

' than to point out the necessity of great care both 'd the coinbi' 
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fiation of flie frame, and in its mechanical execntion, i" order 
to prevent any change in the form of the arch while under con- 
stniction. The English engineers have generally been moro 
successful in this respect than the French. The latter, in several 
of their finest bridges, used a form of centre composed of seve 
ral polygonal frames, with short sides, so inscribed within each 
other that the angles of the one corresponded to the middle of 
the sides of the ouier. The sides of each frame were united by 
joints, and the series of frames secured in their respective posi 
tions by radial pieces, in pairs, notched upon and bolted to the 
frames, which they clamped between them. A combination of 
this character can preserve its form onlv under an equable 
pressure distributed over the back of tne exterior polygon. 
When applied to the ordinary circumstances attending the con- 
struction of ^n arch, it is found to undergo successive changes 
of shape, as the voussoirs are laid on it ; rising first at the crown, 
then yielding at the same point when the key-stone and the ad- 
jacent voussoirs are laid on. The English engineers have gen- 
erally selected those combinations in which, the pressures being 
transmitted directly to fixed points of support, no change of 
form can take place in the centre but what arises from the 
contraction or elongation of the parts of the frame. 

580. Oeneralliemarhs. The architecture of stone bridges has, 
within a somewhat I'ecent period, been carried to a very high de- 

free of perfection, both in design and in mechanical execution, 
ranee, in this respect, has given an example to the world, and has 
found worthy rivals in the rest of Europe, and particularly in 
Great Britain. Her territory is dotted over witn innumerable 
fine monuments of this character, which attest her solicitude as 
well for the public welfare as for the advancement of the in- 
dustrial and liberal arts. For her progress in this branch of 
architecture, France is mainly indebted to her School and her 
Corps of Fonts et Cha/uss^es: institutions which, from the time 
of her celebrated engineer [rerronet, have supplied her with a 
loug line of names, alike eminent in the sciences and arts which 
pertain to the profession of the engineer. 

England, although on some points of mechanical skill pertain- 
ing to the engineer's art the superior of France, holds the second 
rank to her in the science of her engineere. Witliout establish- 
ments for professional training corresponding to those of France, 
the English engineers, as abody, have, until within a few years, 
labored under tiie disadvantage of having none of tlipse institu- 
tions which, by creating a common bond of union, serve not onlv 
to diflfuse science throughout the whole body, but to raise ment 
to its proper level, and frown down alike, through an enlightened 
esprit de eorps^ the assumptions of ignorant pretension, and the 
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malevolence of petty jealousies. Although, as a body, less a J 
vantageously place(i, in these respects, than their more thorough 
bred brethren of France, the engineers of England can point, 
Ivith a just feeling of pride, not only to the monuments of their 
skill, but to individual names among them which, achieved 
under the peculiar obstacles ever attendant upon self-education, 
yet stand in the first rank of those by whose genius the industrial 
arts have been advanced and ennobled. 

The other European States have also contributed largely to 
bridge architecture, although their efforts in this line are less 
widely known through their publications than those of France 
and England. Among the many bridges belonging to It^ly, may 
be justly cited the far-famed RiaUo / me bridge oil^anta Trinita 
at Florence, the curve of whose intrados was so long a mathe- 
matical puzzle; and the recent single arch over the DcraRiparia 
near Turin. 

In the United States, the pressingimmediate wants of a young 
people, who are still without that accumulated capital by which 
alone great and lasting public monuments can be raised, havepre- 
ven tea much being done, in bridge building, except of a temporary 
character. The bridges, viaducts, and aqueducts of stone in our 
country, almost without an exception, have been built of rustic 
work tlirougli economical considerations. The selection of this 
kind ofmasonry/mdependentlyofits cheapness, has themerit of ap' 
propriateness, when taken in connection with tlie natural features 
ofthe localities where most of the sestructures are placed. Among 
the works of this class, may be cited the railroad bridge, called the 
Thomas Viaduct^ over the Patapsco, on the line of tne Baltimore 
and Washington railroad, designed and built by Mr. B. H.Latrobe, 
the engineer of the road. This is one ofthe few existing bridge 
structures with a curved axis. The engineer has very nappily 
met the double difficulty before him, of beingobliged to adopt a 
curved axis, and of the want of workmen sufficiently conversant 
with the application of worl^ing drawings of a rather compli- 
cated character, by placing full centre cylindrical arches upon 
yiers with a trapezoiaal horizontal section. This structure, with 
ttie exception of some minor details in rather questionable taste, 
as the slight iron parapet railing, for example,presents an impo- 
sing aspect, and does great credit to the intelligence and skill of 
the engineer, at the time of its construction, but recently launched 
in a new career. The fine single arch, known as the CarroUon 
Viaduct^ on the Baltimore and Ohio railroad, is also highly credit- 
able to the science and skill of the engineer and mechanics tinder 
whom it was raisd. One of the largest bridges in the United 
States, designed and partly executed in stone, is the Potorrmt 
Aqueduct at Georgetown, where the ChesapeaJce and Ohio canal 
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intersects the Potomac river. This work, to which a wooden 
superstructure has been made, was built under the superintend- 
ence of Captain Tumbull of the U. S. Topographical Engineers. 
In the published narrative of the progress of this work, a very full 
account is given of all tiie operations, in which, while tiie re* 
sources and skill of the engineer, in a very difficult and, to him^ 
untried application of his art, are left to be gathered by the reader 
from the successful termination of the undertaking, his failures 
are stated with a candor alike creditable to the man, and worthy 
of imitation by every engineer who prizes the advancement of his 
art above that personal reputation which a less truthful course 
may place in prospect before him. 

581. The following table contains a summary of the principal 
details of some of the more noted stone bridges of Europe. 
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(A) This fine structure, designed and built by the celebrated 
Perronet, forms an epoch in bridge architecture, from the bold- 
ness of its design, its skilful mechanical execution, and the simple 
but appropriate character of its architectural details. The curve 
of the intrados is an oval of eleven centres, the radius of the arc 
at the spring being 20.9 feet, and that of the arc at the crown 
159.1 feet. The engineer conceived the idea of giving to the 
soffit a funnel shape, by widening it at the heads, from the crown 
to the springing line. This he effected by connecting the soffit 
of each arcli and the heads by a warped surface, which passed, 
on the one hand, through a flat circular arc, described upon the 
heads through the points of the crown and the top of the two ad- 
jacent starlings, and, on the other, through two curves on the 
soffit, cut out by two vertical planes, oblique to the axis, passec 
through the highest point of the curve on the heads, and through 
points on the two respective springing lines of the arch. The ob 
»ect of this arranpment was twofold ; first,— as the springing Unes 
placed at the low-water level, the bridge, during the seasons 

29 
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of high water, would have appeared rather heavy, a£ the greatei 
part of the solfit, at this period, would have been under water, — 
it gave the bridge a lighter appearance during the epochs of high 
water ; and, second, as the obstruction to the free flow of the 
water from the spandrels would be very considerable at the same 
periods, the funnel form given to the soffit at the heads partially 
remedied this inconvenience. 

The axis of the roadway, the cornice, and all the correspond- 
ing architectural lines were made horizontal, a feature in bridge 
architecture which the reputation of Perronet has since rendered 
classical ; and to obtain which points truly essential conditions 
have in some more recent structures been sacrificed. 

The abutments are 32 feet thick at the springing lines, and the 
piers but 13.8 feet at the same point, giving an example of judi- 
cious boldness combined with adequate strength, on scientific 
principles, which had been partially lost sight of by preceding en- 
gineers in designing this part of bridges. 

The centres of the Neuilly bridge were designed upon the 
faulty principle of concentric polygonal frames. Perronet was 
aware of the inconveniences of this combination, and in no part 
of the construction of the bridge than in this was more sagacious 
forethought displayed by him, in providing for foreseen continffen^ 
cies, nor greater resources and skill in remedying those whicfc 
could not have been anticipated. An oversight, rather more 
serious in its consequences, was committed in widening the natu* 
ral water-way of the river where the bridge was erected ; the 
effect of this has been a gradual deposition near the bridge, and 
an obstruction of the navigable channeis. 

The bridge of Neuilly is a noble monument of the genius and 
practical skill of its engmeer. The style of its architecture, both 
as a whole and in its several parts, is imposing and in the best 
taste. 

(B) This bridge was built after the designs of Perronet. Se- 
duced by a thorough knowledge of the capabilities of his art, the 
engineer was led, in planning this structure, into the error of 
sacrificing apparent strength, for the purpose of producing great 
boldness and lightness of design. This he efiected by placing 
very flat segment arches upon piers formed of four columns ; the 
two, forming the starlings, being united to the two adjacent by a 
comiecting wall, an inlervd being left between the two centre 
columns. The diameters of the columns are 9.6 feet, with the 
same interval between them. 

The engineer who constructed tlie bridge, apprehensive appa 
rently for its safety, introduced into the courses of the piers and 
of t le arches a large quantity of iron ties and cramping pieces, a 
measure, of orecaution which, if necessary, ought to nave con 
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lemned the original designs, although supported by the high 
authonty ol Perronet, and caused ouiers to be substituted fof 
them. 

(C) This bridge, now designated as the Pont de VEcole Mili 
taire^ from its locality, and the bridge of Rouen^ are built upon 
nearly the same designs. The former is a model of architectural 
taste and of skilful workmanship. Its horizontal architectural 
lines, its fine cornice, copied from that of the temple of Mars the 
Avenger, and the sculptured wreath on its spandrels, form a 
whole of singular beauty. 

(D).This bridge, designated when first built as the Strand 
Bridge, is worthy of the great metropolis in which it is placed. 
The engineer, influenced perhaps by other examples of the same 
character in the vicinity of this structure, has placed small col- 
umns upon the starlings, which support recesses with seats for 
foot-passengers, and has thus, in no inconsiderable degree, de- 
prived the bridge of lliat imposing character which its massive- 
ness, and the excellent material of which it is built, could not 
otherwise have failed to produce. 

(E) This fine elliptical arch is, in some respects, built in imi- 
tation of the Neuillv bridge, with a funnel-shaped sofiit. Its gen- 
eral architectural effect is heavy, and its mere ornamental parts 
are in questionable taste. The details of its construction are 
alike monuments of the eminent professional skill, and of the 
truthfulness of character of the great engineer whoplanned and 
superintended it In his narrative of the work, Mr. Telford takes 
blame to himself for oversights and unanticipated results, in which 
the scrupulous care that he conscientioubly brought to every un- 
dertaking committed to him is unwittingly thrown into bolder 
relief, by the very confession of his failures ; and a lesson of in- 
struction is conveyed, more pregnant with important consequences 
to the advancement of his profession than the recording of hun- 
dreds of successful instances only could have furnished. 

(F) This noble work of Sir John Rennie must ever rank among 
the master-pieces of bridge architecture, in every point by which 
this class oi structures should be distinguished. For boldness, 
strength, simplicity, massiveness without heaviness, and a happy 
adaptation of design to the locality, it stands unrivalled. The 
beauty which is generally recognised in a level bridge has, in 
this, been judiciously sacrificed to a well-judged economy ; and 
the artificial approaches have thus been accommodated to the 
existing, by decreasing the dimensions of the arches from the 
centre to the two extremities. The square plain buttresses, 
which rise above the starlings and support the recesses for seats, 
are of farther obvious utility in strengthening the head-walls, 
^hich, at these points are of considerable height ; and they akc 
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prodi ce, in this ca^e, a not unpleasing architeitural effect, it 
separating tlie unequal arches, without impairing the unity of the 
general design. 

(G) This is the boldest single arch of stone now standing, and 
IS a splendid example of architectural design and skilful workman 
ship. The soffit ox the arch is made slighuy funnel-shaped, which 
gives the bridge an air of almost too great boldness. The cornice, 
which is copied from the same model as that of the bridge of 
Jena ; the convex cylindrical-shaped wing-walls, which give an 
approach of 144 feet between the parapets ; with the other archi* 
tectural accessories, have made this bridge a model of good taste 
for imitation under like circumstances, rrom the omission of a 
usual architectural member, there is perhaps a slight feeling of 
nakedness produced on the mind of tne rigid connoisseur in art, 
on first seeing this structure, and its beauty is in some degree 
marred by this want. 

The abutments of tliis bridge are 40 feet thick at the founda- 
tions, and, besides the wing-walls, are strengthened by two coun- 
terforts 20 feet long and 10 feet wide. 

(H) The span of this arch is the widest on record. For 
architectural effect this bridge presents but little to the eye that 
is commendable ; for this the engineer who superintended it is 
hardly responsible, except so far as, from professional sympatliy 
and respect for a deceased member of the profession, he was led 
to adopt the designs of another. The abutments form a continua- 
tion of the arch ; and the other details of the construction through 
out exhibit that thorough acquaintance with their art for which 
the Hartleys, father and s^^n, are well known to the profession. 

582. The practice of bnoge building is now generally the same 
throughout the civilized world. In France, the method of laying 
the foundations by caissons has, in most of their later works, been 
preferred by her engineers to that of coffer-dams ; and in the su- 
perstructure of their bridges the French engineers have generally 
filled in, between the arches and the roadway, with solid material. 
In some of these bridges, as in that of Bordeaux^ where appre- 
hension was felt for the stability of the piling, a mixed masonry 
of stone and brick was used, and the roadway was supported by 
a system of hght-groined arches of brick. Among the recent 
French bridges, presenting some intr.resting features in tlieir con- 
struction, may be cited that of Souillac over the Dordogne. The 
river at this place having a torrent-like character, and the bed 
being of lime-stone rock with a very uneven surface, and occa 
8k)nal deep fissures filled with sand and gravel, the obstacle tr 
using either the caisson, or the ordinary coffer-dam for the foun- 
dations, was very great. The engineer, M. Vicat, so well knows 
9y his researches upon mortar, &c., devised, to obviate tlicM 
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difficulties, the plan of enclosing the area of each piei by a cofler 
work accurately fitted to the surface of the bed, and of filling tluA 
with beton to form a bed for the foundation courses. This he 
effected, by first forming a frame-work of heavy timber, so ar- 
ranged that thick sheeting-piles could be driven close to the bot- 
tom, between its horizontal pieces, and form a well-jointed vessel 
to contain the semi-fluid material for the bed. After this coffer- 
work was placed, the loose sand and gravel was scooped from 
the bottom, the asperities of the surface levelled, and the fissures 
were voided, and refilled with fragments of a soft stone, which it 
was found could be more compactly settled, by ramming, in the 
fissures, than a looser and rounder material like gravel. On this 
prepared surface, the bed of beton, which was from 12 to 15 feet 
m inickness, was gradually raised, by successive layers, to with- 
in a few feet of the low-water level, and tlie stone superstructure 
then laid upon it, by usin^ an ordinary coffer-dam that rested on 
the frame-work around the bed. In this bridge, as in that of 
Bordeaux, a provisional trial-weight, greater than the permanent 
load, was kid upon the bed, before commencing the superstruc- 
ture. 

To give greater security to their foundations, the French usually 
surround them widi a mass of loose stone blocks thrown in and 
allowed to find their own bed. Where piles are used and pro- 
ject some^ height above the bottom, tiiey, m some cases, use, be- 
sides the loose stone, a grating of heavy timber, whicn lies between 
and encloses the pihng, to give it greater stiffness and prevent 
outward spreading. In streams of a torrent character, where the 
bed is liable to be worn away, or shifted, an artificial covering, 
or apron of stone laid in mortar, has, in some cases, been used, 
both under the arches and above and below the bridge, as far as 
the bed seemed to require this protection. At the bridge of Bor- 
deaux loose stone was spread over the river-bed between the 
^iers, and it has been found to answer perfectly the object of the 
engineer, the blocks having, in a few years, become united into a 
firm mass by the clayey sediment of the river deposited in their 
interstices. At the elegant cast-iron bridge, built over the Lary 
near Plymouth, resort was had to a similar plan for securing the 
bed, wluch is of shifting sand. The engineer, Mr. Kendel, here 
laid, in the first place, a bed of compact clay upon the sand bed 
between the piers, and imbedded in it loose stone. This method, 
which for its economy is worthy of note, has fully answered the 
expectations of the engineer. 

The £ngUsh engineers have greatly improved the method of 
cent! ng, and, in their boldest arches, any settling approaching 
Uiat which the French engineers usually counted upon, on striking 
their centres, would now be regarded as an evidence of great de 
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feet in the design, or of very unskilfiil workmanship. The} 
have generally, in their recent bridges, supported, their rdadwa^ 
either upon flat stones, resting on light walls built parallel to thf 
heads, or else upon light cylindrical arches laid upon piers having 
the same direction. In the preparation for laying the beds of theii 
foundations, they have generally preferred the coffer-dam to any 
other plan, although in many localities the most expensive, on 
account of the greater facility and security offered by it for carry- 
ing on the work. They have not, until recently, made as exten- 
sive an application of beton a9 tlie French for hydraulic purposes, • 
and, from navinc mostly usee what is known as concrete among 
their architects, nave met with some signal failures in its employ* 
ment for these purposes. 

WOODEN BRIDGES. 

583. A wooden bridge consists of three essential parts . Ist, 
the abutments and piers which form the points of support for 
the bridge frame ; 2d, the bridge frame which supports the su- 
perstructure between the piers and abutment; 3d, the super- 
structure, consisting of the roadway, parapets, i^oofing, &c. 

584. The abutments and piers may be either of stone, or of 
timber. Stone supports are preferable to those of timber, both 
on account of the superior durability of stone,. and of its offering 
morp- security than frames of timber against the accidents to 
which the piers of bridges are liable from freshets, ice, &c. 

585. The forms, dimensions, and construction of stone abut- 
ments and piers for wooden bridges will depend, like those for 
stone bridges, upon local circumstances, ana the kind of bridge- 
frame adopted. If the bridge-frame is so arranged that no lateral 
thrust is received from it by the piers, the dimensions of the latter 
should be regulated to support the weight of tlie bridge-frame 
and its superstructure, and to resist any action arising from acci- 
dental causes, as freshets, ice, &c. The forms and dimen- 
sions of the abutments, under the like circumstances, will be 
mainly regulated by the pressure upon tliem from the embank- 
ments of the approaches. 

586. If the bridge-frame is of a form that exerts a lateral 
pressure, the dimensions of the abutments and piers must be suit 
ably adapted to resist this action, and secure the supports from 
being ovei turned. Abutment-piers may be used with advantage 
in this case, as offering more security to the structure than sim- 
ple piers, when a frame between any two supports may require 
to be taken out for repairs. The starlings should in all cases be 
carried above the line of the highest water-level, and the portior 
of the pier above this line, w^hich supports the roadway bea'^en 
may be built with plane faces and ends. 
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587. Wooden abutments may be formed by constructing what 
n termed a crib-work, which consists of large pieces of square 
timber laid horizontally upon each other, to lorm the upright, oi 
sloping faces of the abutment. These pieces are halved into each 
other at the angles, and are otherwise firmly connected togeUiei 
by diagonal ties and iron bolts. The space enclosed by the crib- 
work, which is usually built up in the manner just described, only 
on three sides, is filled with eartli carefully rammed, or widi dry 
stone, as circumstances may seem to require. 

A wooden abutment of a more economical consirucdon may 
be made, by partly imbedding large beams of timber placed in a 
vertical or an inclined position, at intervals of a few feet from 
each other, and forming a facing of thick plaidi to sustain the 
earth behind tlic abutment. Wooden piers may also be made 
according lo either of the methods here laid down, and be filled 
with loose stone, to give tliem sufficient stability to resist the 
forces to which they may be exposed ; but the raelnod is clumsy, 
and inferior, under every point of vjeiv, to stone piers, or to the 
metliods which are about to be explamed. 

588. Tlie simplest arrangement of a wooden pier consists 
(Fig. 127) in driving heavy square or round piles in a single 
'ow, placing them from two to four feet apart. These uprijjht 
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pieces are sawed off level, and connected at top by i borizolUu 
oeam, termed a capf which is either mortised to receive a tenon 
made m each upright, or else is fastened to the uprights by bolts 
or pins. Other pieces, which are notched and bolted in pairs on 
the sides of the uprights, are placed in an inclined, or diagonal 
position, to brace the whole system firmly. The several uprights 
of the pier are placed in tlie direction of the thread of the current 
If thought necessary, two horizontal beams, arranged like the 
diagonal pieces, may be added to the system just below the lowest 
water-level. In a pier of this kind, tke place of the starlings is 
supplied by two inclined beams on the same line with the up- 
rights, which are termed fender-beams, 

589. A strong objection to the system just described, arises 
from tne difficulty of replacing the uprights when in a state 
of decay. To remedy this defect, it has been proposed to drive 
large piles in the positions to be occupied by the uprights, (Fig 
128,) to connect these piles below the low-water level by foul 



M 



Vf^ 



JlilHr 



Op-:. 



n 



i 



r'l 



T 



«>!»-t 



•N 



Fig. 18B— Plan O, dcTation M, and eron aectkn 
N, showing the amuigement of the capping 
of the foundation piles with the uprights. 

a, piles. 

b, ca|>ping of four beams bolted together. 

c, Qpiighti. 



horizontal beams, firmly fastened to the heads of the piles, 
which are sawed off at a proper height to receive the horizontal 
beams. The two top beams nave large square mortises to re- 
ceive the ends of the uprights, which rest on those of the piles. 
The rest of the system may be constructed as in the former case. 
By this arrangement the uprights, when decayed, can be readily 
replaced, and they rest on a solid substructure not subject to de- 
cay ; shorter timber also can be used for the piers than when the 
uprights are driven into the bed of the stream. 

590. In deep water, and especially in a rapid current, a single 
row of piles might prove insufficient to give stabihty to the up 
rights ; and it has therefore been proposed to give a sufficient 
spread to the substructure to admit oi bracing the uprights by struts 
on the two sides. To effect tliis, three piles (Fig. 129) should 
be driven for each upright ; one just under its position, and the 
dther two on each side of this, on a line perpendicular to that of 
the pier. The distance between the three piles will depend on 
be inclination and ength that it may be deemed necessaiy tn 
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gin the itnita. The heads of the three pilee are sawed ofTIoTd 
and con ected by two horizontal clamping p.'eces below Uie low 
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est water. A square mortise is left in these two pieces, oter the 
middle pile, to receive the uprights. The uprights are fastened 
together at tiie bottom by two clamping pieces, which rest on 
those thai clamp the heads of' the piles, and are rendered firmer 
Sy the two struts. 

591. In localities where piles cannot be driven, the uprights 
of the piers may be secured to the bottom by means of a grating, 
arranged in a suitable manner to receive the ends of the uprights. 
The Bed, on which tlie grating is to rest, having been suitably 
prepared, it is floated to its position, and sunk cither before or 
after tlie uprights are fastened to it, as may be found most con- 
venient. The grating is retained in its place by loose atone. 
As a farther security for the piers, the uprights may be covered 
by a sheathing of boards, ana the spaces between llie sheathing 
be filled in with gravel. Wooden piers may also be constructed, 
if necessary, of two parallel rows of uprigltts placed a few feet 
■ipart, and connected by cross and diagonal tics and bnicea. 

592. As wooden piers are not of a suitable form to resist heavy 
shocks, ice-breakers should be placed in the stream, opposite to 
each pier, and at some distance irom it. In streams wiin a gen- 
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tie current, a simple inclined beam (Fig. 1 30) covered with thick 
idicet iron, and supported by uprights and diagonal pieces, wit 
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be all that is necessary for an ice-breaker. But in rapid curjiinti 
ft ci9>-work, having the form of a triangulai pyramid, (Fig. 131, 




the up-stream edge of which is covered with iron, will be re- 
quired, to offer sufficient resistance to shocks. The crib-work 
may be filled in, if it be deemed advisable, with blocks of stone. 

593. The width of the bays in wooden bridges will depend on 
the local circumstances. As a general rule, the bays may be 
wider, and in bridge-frames of curved timber the rise less, than 
in stone bridges. In arranging this point, the engineer must take 
into consideration the fact that wooden bridges require more fre- 
quent repairs than those of stone, arising from tlie decay of the 
material, and from the effects of shrinking and vibrations upon 
the joints of the frames, and that the difficulty of replacing de- 
cayed parts, and readjusting the frame-work, increases rapidly 
Wiih the span. 

594. Bridge-frames may be divided into two general clussea 
To the one belong all those combinations, whether of straight or 
of curved timber, that exert a lateral pressure upon the abutments 
and piers, and in which the superstructure is generally above the 
bridge-frame. To the other, those combinations which exert no 
lateral pressure upon the points of support, and in which the road 
way. 6cc. may be said to be suspended from the bridge-frame. 

595. Any of the combinations, whether of straight, or of curved 
timber, described under the head of Framing, may be used for 
bridges, according to the width of bay selected. A preference, 
tvithm late years, has been generally given by engineers to com- 
binations of straight timber over curved liames, from the greaiei 
simpliuity and facility of tlieir construction, as well as ihcit 
giealer economy ; as curved irames require much moie iron ir 
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ibe form of bolts, ties, &c., than frames of straight tin ber, and 
more costly mechanical contrivances for putting the parts together, 
Hud setting the frame upon its supports. 

690. The number ol ribs in the bridge-frame will depend ob 
the general s^trength required by the object of the structure, and 
upon the class of frame adopted. In the first class, in which the 
roadway is usually above the frames, any requisite number of ribs 
may be used, and they may be placed at equal intervals apart, 
or else be so placed as to give the best support to the loads which 

[mss over the bridge. In the second class, as the frame usually 
ies entirely, or projects partly above the roadway, &c., if more 
than two ribs are required, they are so arranged that one or two, 
as circumstances may demand, form each head of the bridge, and 
one or two more are placed midway between the heads, so as to 
leave a sufficient width of roadway between the centre and adja« 
cent ribs. The footpaths are usually, in this case, either placed 
between the two centre ribs, or, when there are two exterior ribs, 
between them. 

597. The manner of constructing the ribs, and of connecting 
them by cross ties and diagonal braces, is the same for bridge 
frames as for other wooden structures ; care being taken to ob- 
tain the strength and stiffness which are peculiarly reouisite in 
wooden bridges, to preserve them from the causes of destructi 
bility to which they are liable. In frames which exert a lateral 
pressure against the abutments and piers, the lowest points of 
the frame-work should be so placed as to be above the ordinary 
high-water level ; and plates of some metal should be inserted at 
those points, both of the frame and of the supports, where the 
effect of the pressure might cause injury to the woody fibre. 

598. The roadway usually consists oi a simple flooring formed 
of cross joists, termed the roadway-bearers^ ot floor-girders^ and 
flooring-boards, upon which a road-covering either of wood, or 
stone is laid. A more common and better arrangement of the 
roadway, now in use, consists in lading longitudinal joists of 
smaller scantling upon the roadway-bearers, to support the 
flooring-boards. This method preserves more effectually than 
the other tlie roadway-bearers from moisture. Besides, in 
bridges wliich, from the position of the roadway, do not admit 
of vertical diagonal braces to stiffen the frame-work, the only 
means, in most cases, of effecting this object is in placing hori 
zontal diagonal braces between each pair of roadway-bearers 
For like reasons, ston** road-coverings for wooden bridges are ^ 
generally rejected, and one of plank used, which, for a horse 
track, should be of two thicknesses, so that, in case of repairs^ 
arising from the wear and tear of travel, the boards resting upon 
the flooring-joists may not require to be removed The footpathi 
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consist simply cf a slight flooring of sufficient ^tidth, which ?i 
usually detached from and raised a few inches above the roadway 
surface. 

599. When the bridge-frame is beneath the rc&dway, a distinct 
parapet will be requisite for the safety of passengers. This ma^ 
be formed either of wood, of iron, or of the two combined. It :s 
most generally made of timber, and consists of a hand and foot 
rail connected by upright posts and stiflfened by diagonal braces 
A wooden parapet, besides the security it gives to passengers, 
may be made to add both to the strength and stiffness of the 
bridge, by constructing it of timber of a suitable size, and con 
necting it firmly with the exterior ribs. 

600. In bridge frames in which the ribs are above the roadway, 
a timber sheathing of thin boarcLs will be requisite on the sides, 
and a roof above, to protect the structure from the weather. The 
tie-beams of the roof-trusses may serve also as ties for the ribs 
at top, and may receive horizontal diagonal braces to stiffen the 
structure, like those of the roadway-bearers. The rafters, in the 
case in which there is no centre rib, and the bearing, or distance 
between the exterior ribs, is so great that the roadway-bearers re- 
quire to be supported in the middle, may serve as points of sup- 
port for suspension pieces of wood, or of iron, to which the middle 
point of the roadway -bearers may be attached. 

601. When the bridge-frame is beneath the roadway, the floor- 
ing, if sufficient projection be given it beyond the head, will pro- 
tect it from the weather, if the depth of the ribs be not very great. 
In the contrary case a side sheathing of boards may be requisite. 

602. The frame and other main timbers of a wooden oridge 
will not require to be coated with paint, or any like composition, 
to preserve them from decay when they are roofed and boarded 
in to keep them dry. When this is not the case, the ordinary 
preservatives against atmospheric action may be used for them. 
The under surface and jomis of the planks of the roadway may 
be coated with oituminous mastic when used for a horse-track ; 
in raibroad bridges a metallic covering may be suitably used 
when the bridge is not traversed by horses. 

603. Wooden bridges can produce but Uttle other architectural 
effect than that which naturally springs up in the mind of an 
educated spectator in regarding any judiciously-contrived struc- 
ture. When the roadway and parapet are aoovo the bridge- 
fiame, a very simple cornice may be formed by a proper combi- 
nation of the roadway-timbers and flooring, which, with the para- 
pet, will present not only a pleasing appearance to the eye, but 
will be 01 obvious utility in covering tne parts beneath from the 
weather. In covered bridges, the most that can be done will be 
to paint them with a uniform coat of some subdued tint. A 
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best, from their want of height as compared with theii length, 
covered wooden bridges mu&t, for the most part, be only unsightly 
and also apparently insecure structures when looked at from sucb 
a point of view as to embrace all the parts in the field of vision , 
and any attempt, therefore, to disguise their true character, and tc 
give tliem by painting the appearance of houses, or of stone arches, 
while it must fail to deceive even the most ignorant, will only be- 
tray the bad taste of the architect to the more enlightened judge. 

604. The art of erecting wooden bridges has been carried to 
ipreat perfection in almost every part of the world where timbe? 
has, at any period, been the principal building material at the 
disposal ot the architect. The more modem wooden bridges of 
Switzerland and Germany occupy in Europe the first rank, for 
boldness of design and scientific combination in their arrangement 
and construction. These fine foreign structures have been even 
surpassed in the United States, and our wooden bridges and the 
skill of our engineers and carpenters, as shown through them, 
have become deservedly celebrated throughout the scientific 
world. The more recent structures of this class are peculiarly 
characterized for simplicity of arrangement, perfection in the me- 
chanical execution, and boldness of design. If they are open to 
the charge of any fault, it is to that of too great boldness of de- 
sign, in spanning very wide bays with ribs of open-built beams 
either unsupported, or but imperfectly so, at intermediate points, 
by any combination of struts and corbels, or straining oeams. 
The want of these additions is more or less apparent in the great 
vibratory motion felt on some of the more recent railroad and 
other bridges, and in a consequent disposition in the frame to 
work loose at the joints and sag. 

605. The following Table contains the principal dimensions 
of some of the most celebrated American and European wooden 
bridges. 
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1 


NninlMrof 
bays. 


Width of 
widest bay. 


Rise or depth 
of rib. 


• 

Bridge of SehafThausen, (A) 
Bridge of Kandel, (B) .... 
1 Bridge of Bamberg, I (Q) 
Bridge of Freysingen, J ^ ' 

Essex bridge, (D) 

Upper Schuylkill bridge, (£) . . 
Market-street bridge, (F) . . . 
Trenton bridge, (G) ^ . . . . 
Columbia bridge, (Hj .... 
Richmond bridge, (I) . • . . 
Springfield bridge, (K) . • • , 




2 
1 
1 
2 
1 
1 
3 
6 
29 
19 
7 


193 ft. 
166 " 
208 " 
163 " 
260 " 
340 " 
196 • 
200 " 
200 " 
153 « 
180 *• 


16.9 ft. 
11.6 " 

20 « 
12 •' 
27 '• 

15.4- 
18 « 
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(A) This celebrated Swiss bridge, built by John IHrich Gra 
benmann, a carpenter, consisted oi two bays, the one 193 and 
the other 172 feet. The bridge-frame was formed of two ribi 
with a roadway between them. Each rib was framed, in some 
respects, on the same principle as an open*built beam, the uppei 
string being supported by a number of inclined struts wnich 
rested against the abutments and pier, and the lower string, upon 
which the roadway timbers were laid, being suspended from the 
upper by suspension pieces. The whole structure was consoli- 
dated and braced by bolts, stays, and straps of iron. Remarkable 
in its day, yet the drawings extant of the bridge of Schaffhausen, 
while they attest the ingenuity and practical skill of the builder, 
present it in singular contrast with tne equally bold and less com- 

Elicated structures of the Uke nature recently erected in the 
Fnited States. 

(B) This is also a Swiss bridge, built over the torrent of Kan- 
del in the canton of Berne. Its ribs are fonned of solid-built 
beams which gradually decrease in depth from the centre to the 
extremities ; this decrease being made oy offsets, the built beams 
presenting the appearance of a number of straining beams placed 
below each other, against the ends of which abut inclined struts 
that rest against the faces of the abutments. The roadway rests 
upon the built beams. 

(C) These two bridges are selected from among a number of 
the like character constructed in various parts of Germany by 
Wiebekmg. The bridge-frame in all of them consists of several 
ribs of curved solid-built beams upon which the roadway timbers 
are laid. This method of constructing bridge-frames combines 
great strength and stiffness. It is more expensive than frames of 
sti*aight timber, as it requires a larger amount of iron, and more 
complicated mechanical means for its construction than the latter, 
and the ribs, although stiffer, are impaired in strength by the 
operation of bending them. 

(D) This is a very remarkable structure built over the river 
Merrimack near Newburyport. The ribs consist of curved open- 
built beams, each of which is composed of three concentric solid- 
ouilt beams, connected, at intervals along the rib, by two radial 
pieces of hard wood which fit into mortises made through the 
centre of each solid beam, and by a long wedge of hard wood in- 
serted, in tlie direction of the radius of curvature, between each 
pair of radial pieces. Each of the solid-built beams of the rib is 
formed of two thicknesses of scantling, about 12 or 15 feet in 
length, which abut end to end, breaking joints, and are connected 
bjr keys of hard wood inserted into mortises made through the two 
thicknesses. By these arrangements the architect has sought 
to preserve btth the curved shape and the parallelism of tlie s^id 
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beams fonninf^ the nb, and also to connect all the parts firmly. 
1'he combination is an ingenious attempt at constructing an arch 
of wood on similar principles to one oi stone, but is inferior to 
tlie more simple ana usual methods of forming curved open-buill 
l>eams by using radial and diagonal pieces. 

(E) This bridge, designed and built by L. Wemwac, has tha 
widest span on record. The bridge-firwie (Fig. 132) consists 




tig. 139— Renresmta b nde view of s nartion i 
bridKe over tite Schaflkill at Ptiilndeliriiia. 

A, lower curved nlkl bnin, 

B, lop bHUD. 

c, CiUiagooHl broceii. 

m, m, iron Btsyi anctiored In the ibntmeDt C. 

«f five ribs. Each rib is an open-built beam formed of a bottc»ii, 
curved solid-built beam and of a single top beam, which are con- 
nected by radial pieces, diagonal braces, and inclined iron stays. 
The bottom curved beam is composed of three concentric solid- 
built beams slightly separated from each other, each of which 
has seven courses of curved scantling in it, each course 6 inches 
thick by 13 inches in breadth ; the courses, as well as the con- 
centric beams, being firmly united by iron bolts, &c. A road 
•«ray that rests upon the bottom curved ribs is left on each side 
A the centre rib, and a footpath between each of the nvo exterior 
ribs. The bridge was covered in by a roof and a sheathing on 
the sides. 

(F) This is also one of the many bridges designed and built 
by Wemwag in the States of Pennsylvania and New Jersey. 
The bridge-frame consists of three ribs placed so far apart as to 
leave space between them for a carriage-way and a footpath or 
each side of the centre rib. Each rib is an open-built beam, 
'X)n8i»ting of a bottom curved solid-built beam, with mortises at 
ntervals to receive radial pieces, which are connected at top by 
t single beam, also mortised to receive tenons on tlie heads of the 
mdiaj pieces. A single diagonal brace J^ p'aced between each 
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pair of radia) pieces. Longitudinal beams reach from the crowo 
of the curved rib of one bay to that of the next, and on these the 
roadway-bearers are laid transversely. 

(G) In this fine slructure, the roadway-bearers are suspended 
from curved solid-built beams by iron-bar chains and suspension 
rods. The span of the centre hay is 200 feet, that of the twc 
adjacent 160 feet, and that of the extreme bays 160 feet. The 
hndge-lrame (Fig. 133) consists of five ribs, having the same 



e* £. roodway-uearen, 
d, a, iliaKono) braces. 

C, irenie mitt of nKif-«overiug OT«t lh> pien, 

arrangement for the roadway and footpaths as in the upper Schuyl- 
kill bridge. Each of llie central ribs is formed of 8 conrees of 
curved scantling, cacli course being 4 inches thick, and 13 inches 
broad. The two exterior ribs have 9 courses of scantling of the 
same dimensions. Inclined timber braces connect the curved 
beam and roadway timbers. The ribs are tied at top by ctors 
pieces, and stiffened by diagonal braces. The bridge-frame is 
braced on the exterior by vertical and horizontal timber-slays 
which abut against the top of the piers. The roadway is of 
plank laid upon longitudinal joists that rest on the roadway 
bearers. The roadway-bearers are stiffened by diagonal braces 
The abutments and piers are of stone, the latter being 20 feet 
thick at the impost. 

(H) Tiiia, like most of the more recent bridges for railroads, 
aqueducts, Sec, in Pennsylvania, is built upon Burr's plan, which 
(Fig. 134) consists in farming each rib of an open-biult beam of 
straight timber, and connecting with it a curved solid-built beani 
formed of two or more thicknesses of scantling, between whicb 
the frame-work of the open-built beam is clamped. The open- 
built beam consisu of a horizontal bottom beam of two thicknesser 
nf acantling, termed the chords, which clamp uprights, termed th« 
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queen posts^ between them,— -of a single top beam, termed the plaU 
of the sideframe^ which rests upon the uprights, with which it ii 




Flf. 134— RepTMents a aide Tiew of 

portion of a rib of Bmr'a bridge. 
Oy a, arch timben. 
df d, queen-posts. 
^, b, braces. 
C| C| chorda. 



e, e, plate of the aide ftanw. 

0, o. floor ffiideia on which the floocinii 

Jouts and; flooring boaida rest, 
n, n, check braoea. 
t\ t , tie beama of leof. 
A, portion of pier. 



connected by a mortise and tenon joint,-— «uid of diagonal braces 
and other smaller braces, termed check braces, placed between 
the uprights. The curved-built beam, termed the arch-timbers^ 
is bolted upon the timbers of the open-built beam. The bridge- 
frame may consist of two or more ribs, which are connected and 
stiffened by cross ties and diagonal braces. The roadway-floor- 
ing (Fig. 135) is laid upon cross pieces, termed the floor girders^ « 
which may either rest upon the chords, or else be attached at any 
intermediate point between them and the top beam. The road 
way and footpaths may be placed in any position between the 
several ribs. 

There is great similarity between the combination adopted by 
Burr and those of the two bridge-frames just described. The 
main difference consists in the application by Burr of wli-it he 
terms the arch-timbers, to strengtnen and stiffen an open-buiii 
beam. It may be remarked from the Figs. 134, 135, that the 
framing of the open-built beam is faulty, in that the top beam, or 
|)late, is not only of less dimensions than the bottom beam, or 
chonl, but is weakened by mortises, and moreover affords no 
other support to the queen posts, or uprights, vthich act as sus- 
pension pieces for the chord, than that of the pia which confiiaes 
Jie tenon in the mortise. Fiom the manner in whicl the ai'sh- 
liinbeiB are forme tl ard connected with the parts of the i)pen«liiill 

31 
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beam, they add bat little if any more strength and tifihcsf th 
would be given by straight timber^ reaching from the spring 
point of the arch timbers to their crown ; and they are certauih 




Fig. ISS^RepraeDto the halT of • 
crofli section of Fig. 134 throivdi 
the crown of the areh timben, n 
which the lettera detignate thj 
■ame parte as in tlie procedingFiiE. 

«*, nAen of roof tnua. 

A, kf dia^nal braces of bridge ftaiM 

B, Mde Tiew of the pier. 



less efficacious in subserving their end than would be inclined 
struts, occupying a like position at bottom, and abutting against a 
straining beam, placed either under the centre part of the chord, 
where the locality would permit it, or under the centre portion of 
the plate. In localities wnere fine timber is less abundant than in 
those in which the most of Burr's bridges have been built, a ju- 
dicious regard to economy would undoubtedly have suggested a 
selection of forms for the secondary parts of the firame, which 
would have prevented these parts from being as much cut to 
wa^te as the Figs, show they must have been in the example 
taken to illustrate this system. 

(I) This structure, constructed under the superintendence of 
Moncure Robinson, Esq., is upon Town's plan. The width of 
tlie bays varies from 130 to 153 feet. It consists of two ribs, 
each of which is formed of a double lattice, with two chords at 
bottom and one at top. The roadway, for rails, rests on the top 

S'rders. The ribs are braced by vertical diagonal braces, and bj 
mzontal diagonal braces between each pair of the top and bot- 
tom girders. The ^iers are of rustic work ; they are 40 feet 
above the low-water level, and 4 feet thick at top. The exam- 
ple here selected for illustration (Fig. 136) is taken from another 
bridge, of nearly the same width of bay, erected subsequently 
hO the Richmond bridge, by the same engineer, in wliich the top 



WOODCN BRIDOEa. 243 

thord also is doubled, as ihe former bridge was f( and to be nibM 
weak. 



Fig. 1M— Sepmcoti a eran lecliMi of • rmllraaJ 
bridge with Town'i tnm, in which the raL'i of 
uie road an placsd oa a floaring on the loi^ of 

c, e, U^ and bottom chordB doubled. 

h, i, vertical dtagonal braceaofthe two ribs. 

4, d, (op and bottom giiden. 



0, a. corbels or Buppoit 

which the riba net. 
/,ihoalhinB,oi 



(K ; This bridge is constructed on Howe's plan. It consists 
^Ftg. 137) of two ribs which are connected at top and bottom, in 
the usual manner, with cross lies and diagonal braces. The 
roadway flooring rests upon the cross girders at bottom. The 
bridge is not loofed, as is usually the case, the ribs being covered 
in on thu dides and at top by a sheathing of boards, and the 
flooring-bcBrds by a metallic covering. 

The bridges constructed according to Colonel Long's plan 
nave been mostly aj^lied to medium spans. In the printed de- 
■cription of the dinerent improvements of this system patented 
»y Colonel Long, he very judiciously introduces struts, which 
fie tenns arch braces, either below the top or the bottom string, 
Kfl the locality may demand, for the purpose of preventing saf- 
giiig, which must necessarily take place in time m all open-lrJiu 
oeanu of considerable span, if not strengthened in this way- 
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Boction of the Dnin 

the raUimd bndge at SprlnRfleld. 
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606. Bridges of cast iron admit of even greater boldneu of 
design than those of timber, owing to the superiority, both in 
strength and durability, of the former over the latter material ; 
and Iney may therefore be resorted to under circum stances vert 
nearly tne same in which a wooden structure would be suitable. 

607. The abutments and piers of casUiron bridges should be 
buih of slone, as the corrosive action of salt water, or even of 
fresh water when impure, would in time render iron supports of 
this character insecure ; and timber, when exposed to the same 
destructive agenis, is still less Jurable than cast iron. 

The forms and dimensions .f the stone abutments and pier> 
are regulated on the same principles as the like parts in: wcioden 
bridges with curved frames. The piers may be either built up 
high enough to receive the roadway -bearers, or else they may b« 
termmatetf just nbove.the springing plates of the bridge-frame 
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ind form supports for cast-inn standards upon which tie roacVay 
bearers may be laid. 

608. The curved ribs of cast-iron bridge-frames have under 
ffoue various modifications and improvements. In the earliei 
bridges, they were formed of several concentric arcs, or ciured 
beams, placed at some dis3cj.ce asunder, and anited by radial 

Eieces ; the spandrels being filled either by contiguous rings, or 
y vertical pieces of cast iron upon which the roadway bearers 
were laid. 

In the next stage of progress towards improvement, the curved 
ribs were made less deep, and were each formed of several seg 
ments, or panels cast separately in one piece, each panel con 
sisting of three concentric arcs connected by radial pi( ces, and 
having flanches, with other suitable arrangements, for cc nnecting 
them firmly by wrought-iron keys, screw-bolts, &c. ; the entire 
rib thus presenting the appearance of three concentric arcs con- 
nected by radial pieces. The spandrels were filled either with 
panels formed like those of the curved ribs, with iron rings, or 
with a lozenge-shaped reticulated combination. The ribs were 
connected by cast-u:on plates and wrought-iroii diagonal ties. 

In the more recent structures, the ribs have been composed of 
voussoir-shaped panels, each formed of a solid thin plate with 
flanches around the edges ;. or else of a curved tubular rib, formed 
like those of Polonceau, or of Delafield, described under the head 
of Framing. The spandrel-filling is either a reticulated combi- 
nation, or one of contiguous iron rings. The ribs are usually 
united by cast-iron tie-plates, and braced by diagonal ties of cast 
arjd wrought iron. 

609. Tne roadway-bearers and flooring may be formed either 
of timber, or of cast iron. In the more recent structures in Eng- 
land, they have been made of the latter material ; the roadway- 
bearers being cast of a suitable form for strength, and for their 
connection with the ribs ; and the flooring-plates being of cast 
iron. 

The roadway and footpaths, formed in the usual manner, res* 
upon the flooring-plates. 

The parapet consists, in most cases, of a light combination of 
cast or wrought iron, in keeping with the general style of the 
structure. 

610. The English engineers have.taken the lead in this branch 
u^ architecture, and, in their more recent structures, have carried 
it to a higii degree of mechanical perfection and arcliitectura* 
elegance. Among the more celebrated cast-iron bridges in Eng 
land, that of Coalbrookdale belongs to the first epoch above men 
tioned ; tliose of Staines and Sunderland to the second ; and tc 
tlie third, the bridge of Southwark at London ; tliat of Tewkes 
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bury over the Severn ; that over the La :y near Plymouth, and a 
number of others in various parts of the United Kingdom. 

TiiO French engineers have not only followed the lead set them 
by the English, but have taken a new step, in the tubular-shaped 
rios of M. Polonceau: The Pont des Arts at Paris, a very hgh 
bridge for foot-passengers only, and which is a combination ol 
cast and vtrrought iron, belongs to their earliest essays in this line ; 
the Pont (PAusterlitZy also at Paris, which is a combination simi- 
lar to those of Staines and Sunderland, belongs to their second 
epoch ; and the Pont du Carrousel^ in the same city, built upoD 
r olonceau's system, with several others on the same plan, belong 
to the last. 

In the United States a commencement can hardly be said to 
have been made in this branch of bridge architecture ; the bridge 
of eighty feet span, with tubular ribs, constructed by Major Dela- 
field at Brownsville, stands almost alone, and is a step contem* 
porary with that of Polonceau in France. 

The following Table contains a summary description of some 
of the most noted European cast-iron bridges. 
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Eivar. 


Numb, 
of 


■cs.'" 


ftMein 
ftM. 


Numb, 
of rib*. 


Data. 


1 


Coallirookdale, (A) . . 


Severn. 


1 


100.5 


40 


5 


177» 




Wearmouth, (B) 






Wear. 


1 


S40 


» 


6 


1796 


Bunion. 


Sbiinet, (C) 






^ 


1 


181 


16.5 


— 


1803 


— 


Auslerlitz, (D) . 






Seine. 


5 


106.6 


10.6 


7 


1805 


LaiDandft. 


Vauxhall. (£) . 






Thames. 





78 


* 


9 


1816 


Walker. 


Bouthwark, (F) 






Thames. 


3 


240 


94 


8 


1818 


Bennle. 


Tewkesbury, (6) 






■Sevein. 


1 


170 


17 


6 


- 


Tetfonl. 


Lary, (H) . . 






liary. 


5 


100 


14.5 


5 


ies7 


Kendel. 


Carroiuel, (I) . 






Seine. 

1 


3 


120 


16 


5 


1838 


Potonce&n. 



(A) This is the first cast-iron bridge erected in England. The 
curved rib is nearly a semicircle in shape, and is composed of 
three concentric arcs, which are connected at intervals by short 
columnar pieces, in the direction of the radii of the curve. 

(B) This structure, which connects Wearmouth and Sunder- 
land, has a remarkably bold appearance, both from its great span, 
and its height, whicn is 100 feet between the high water-level 
and the intrados of the arch at the crown. The entire rib pre 
sents the appearance of an open-built beam, composed of three 
concentric arcs united by radial pieces. The spandrel-fiUing is 
formed of contiguous iron rings, of increasing diameters from the 
crown to the springing line, which rest upon the back of the 
curved rib, and support the roadway-bearers. 

(C) Staines bridge was designed on the same plan as Wear- 
mouth ; but from a defect in the strength of its abutments, they 
successively yielded to the horiz mtal thrusti which in so flat 
iich was very considerable. 
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(D) The bridffe of Austerlitz is construcCed on the same |)rin 
dple as the two last, and produces a Ught and pleasing architeo 
tural effect. Each curved rib consists of 21 voussoir-shapeU 
panels, about 4 feet in depth. The spandrel-fillings present tlie 
appearance of a continuation of the curved rib outwards, to form 
a support for the roadway-bearers. The piers are terminated at 
the springing lines of the curved rib, and are at this point 13 fee^ 
tliick ; the roadway above them being supported by the ribs con 
tinned up to its level. The roadway is on a level, the roadway 
nearers and flooring bein^ of timber. 

(£) In this structure the curved rib is formed of solid panels 
The spandrel-fillings consist of vertical shafts united by cross 
pieces. The piers are built up to support the roadway-bearers ; 
they are 13 feet thick at the springing line. . The entire width 
of the bridge is 36 feet, the carriage-way occupying 25 feet. 

(F) In this bold structure, the width of each of the two extreme 
bays is 210 feet. The curved rib is composed of thirteen solid 
panels, each of which is 2f inches thick, and has a rim, or flanch 
around it about 4 inches broad. The rib is 6 feet deep at the 
crown and 8 feet at the spring. The spandrel-filling is composed 
of lozonge-shaped panels with vertical joints ; they are secured 
to ttie back of the curved rib and support the roadway-plates. 
The curved ribs are connected by tie-plates inserted between the 
joints of the voussoirs ; and they are oraced by feathered diago- 
nal braces. The piers are 24 feet thick at the springing line, 
and are built up to the level of the roadway-plates. The width 
of the carriage-way is 25 feet, and that of each of the footpaths 
7 feet. 

(G) This bridge presents a very light and elegant appearance ; 
tlie panels of the curved rib being cast with open curvilinear 
spaces, which divide the panel into several rectangular-shaped 
figures, with solid sides and diagonals. Each rib consists of 
twelve panels. The depth of the ribs is 3 feet. The thickness 
of the two exterior ribs is 2| inches, that of the four interior 
2 inches. The ribs are connected by grated tie-plates between 
the panel-joints, and they abut against springing plates which 
are 3 feet wide and 4 incnes thick. The roadway-bearers and 
road-plates are of cast iron. The spandrel-fiUing is composed 
of losenge-shaped panels, the sides of the lozenges being fea- 
thered, and tapering from the middle to the extremities. The 
ribs of the bridge-frame are connected and braced in the usual 
manner. The road-bearers are laid lengthwise upon the ribs, to 
which they are firmly secured, and they are covered with iroo 
:oad-plates, upon which the road-covering rests. The firee road 
9pace is 2i feet. 

(Hi In this structure, (Figs. .38, 139,) the engineer has do 
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parted firom the usual fonn of a circuiai tegment aici ant 
•dented an elliptical aegmeat. The following summary liea.^ 



Fiff. IB— ReprcMmti ■ .oaait&di- 
ulnetiontbroiuha pieruHl in 
«ut iron iUuhI vd of Lar; bniln, 
Aowing ihe connactMNi of tin 

pittm. 
A, upper porljon of pisr 
B,MaiKlud. 
C, uDcl of tlu curved rib. 



um is extracted from the engineer's published account (^ tLis 
work : — " The arraiiffement of the design differs aiaterially &om 
other works of a simi^r nature : first, in the masonry of the pien 




nnishing at the sjiringing course of the arches; secondly, in tbe 
curvilinear forma of the piers and abutments^ and thirdly, in th« 
employment of elliptical arches. 

" Tne centre arch is 100 feet span, and rises 14 feet 6 iiichea 
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ihe thickness of the piers, where smallest, being 10 feeU The 
arches adjoining the centre are 95 feet span each, and rise IS 
feet 3 inches. The piers, taken as before, are each 9 feet 6 
inches thick. The extreme arches are each 81 feet span, and 
rise 10 feet 6 mches. The abutments are, in their smallest di 
mensions, 13 feet thick, forming at the back a strong arch abutting 
affainst the return-walls to resist the horizontal thrust. The ends 
01 the piers are semicircular, having a curvilinear batter on the 
sides and ends formed with a radius of 35 feet, and extending 
upward from the level of high water to the springing course, and 
downward to the level of the water at tlie lowest ebb. The 
&ont of tlie abutments have a corresponding batter. 

" The roadway is 24 feet wide, supported by 5 cast-iron equi- 
distant ribs. Each rib is 2 feet 6 Indies in depth at the spring- 
uig, and 2 feet at the apex, by 2 inches thick, with a top and 
bottom flange of 6 inches wide by 2 inches thick, and is cast in 
5 pieces ; their joints (which sire flanged for the purpose) are 
connected by screw-pins with tie-plates equal in length to the 
widtli of the roadway, and in depth and thickness to the ribs ; 
between these meeting-plates the ribs are connected by strong 
feathered crosues, or diagonal braces, with screw-pins passing 
through their flanges and the main ribs. The springing-plates 
are 3 inches thick, with raised grooves to receive the ends of the 
ribs, which have double shoulders. These plates are sunk flush 
into the springing-course of the piers and abutments, which, with 
the cordon and springing course, are of granite. The pier, 
standards and spandrel-fillings are feathered castings, connected 
transversely by diagonal braces and wrought-iron bars passing 
tlu-ough cast-iron pipes, with bearing-shoulders for the several 
parts to abut agamst. The roadway-bearers are 7 inches in 
depth by 1 ^ thick, with a proportional top and bottom flange ; 
tliey are fastened to the pier-standards by screw-pins through 
sliding mortises, whereby a due provision is made for either ex 
pansion or contraction of the metal ; the roadway-plates are } of 
an inch thick by 3 feet wide, connected bv flanges and screw- 
pins, and project I foot over the outer roadway-bearers, thus 
vorming a cornice the whole length of the bridge. 

'* The adoption of these forms for the piers and arches, in uni- 
son with the plan of finishing the piers above the springing course 
with cast iron instead of masonry, has, as I had hoped, given a 
degree of uniform lightness combined with strength to the general 
efiect, unobtainable oy the usual form of straight-sided piers cai* 
ried to the height of the roadway, witli flat segments of a circle 
for the arches. 

(I) The curved ribs of this bridge are tubular, tl e cross sec- 
tion of the tube being an elUpse, the transverse ax a of which ia 
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2 feet S inches, and the conjugate about 1 foot 4 inches Each 
rib consists of eleven pieces, which are shaped and connected as 
described under the head of Framing. The spandrel-fillings iire 
formed of contiguous cast-iron rings which rest upon the ribs, 
and support the longitudinal roadway-bearers. The ribs are tied 
and braced nearly in the usual manner. The flooring upon which 
the road-covering is laid is of timber. The piers are built up xa 
recei^ e the roadway-bearers. 

The system of M. Polonceau presents a very light and elegant 
form of cast-iron bridge. The inventor claims for it more econo- 
my than by the ordinary combinations, and also more lightness 
combined with adequate strength. It has been objected to this 
system that it is defective in rigidity ; this the inventor ^^ems 
disposed to regard as an advantage, and has preferred the span- 
drel-filUng of rings partly on this account, because their elasticity 
is favorable to a gradual yielding and restoration of form in tht 
parts. 

611. Effects of Temperature on stone -and cast-iron Bridges 
The action of variations of temperature upon masses of masonry, 
particularly in the coping, has ahready been noticed. The effect 
of the same action upon the equilibrium of arches was first ob- 
served by M. Vicat in the stone bridge built by him at Souillac, 
in tlie joints of which periodical changes were found to take place, 
not only from the ranges of temperature between the seasons, but 
even daily. Similar phenomena were also verjr accurately noted 
by Mr. George Rennie in a stone bridge at Staines. 

From these recorded observations the fact is conclusively es- 
tablished, that the joints of stone bridges, both in the arches and 
spandrels, are penodically affected by this action, which must 
consequently at times throw an increased amount of pressure 
upon the abutments, but without, under ordinary circumstances, 
any danger to tiie permanent stability of the structure. 

When iron was first proposed to be employed for bridges, ob- 
jections were brought against it on the ground of the effect of 
changes of temperature upon this metal. The failure in the 
abutments of the iron bridge at Staines was imputed to, this cause, 
and hke objections were seriously urged against other structures 
about to be erected in England. To put this matter at rest, ob- 
servations were very carefully made by Sir John Rennie upon 
the arches of Southwark bridge, built by his father. From these 
experiments it appears that the mean rise of the centre arch at 
the crown was about ^^th of an inch for each degree of Fahr., 
or 1.25 inches for 50° Fahr. The change of forn) and increase 
if pressure arising from this cause do not appear to have affected 
n any sensible degree the permanent stability either of this struc 
tore, or of any of a like character in Europe. 
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612. The use of flexible materials, as coTdage aikl the like, tc 
form a roadway over chasms, and narrow water-courses, datei 
from a very early period ; and structures of this character were 
probably among the first rude attempts of ingenuity, before the 
arts of the carpenter and mason were sufficiently aJranced to be 
made subservient to the same ends. The idea of a suspended 
roadway, in its simplest form, is one that would naturally present 
itself to the mind, and its consequent construction would demand 
only obvious means and but little mechanical contrivance ; but 
the step from this stage to the one in which such structures are 
now found, supposes a very advanced state both of science and of 
its application to the industrial arts, and we accordingly find that 
bridge architecture, under every other guise, was brought to a 
high degree of perfection before the suspension bridge, as this 
structure is now understood, was attempted. 

With the exception of some isolated cases which, but in the 
material employed, difiTered little from the first rude structures, 
no recorded attempt had been made to reduce to systematic rules 
the means of suspending a roadway now in use, until about the 
year 1801, when a patent was taken out in this country for the 
purpose, by Mr. Finlay, in which the manner of hanging the 
chain supports, and suspending the roadway from it, are speci 
fically laid down, differing, in no very material point, from tht- 
practice of the present day in this branch of bridge architecture. 
Since then, a number of structures of this character have been 
erected both in tlie United States and in Europe, and, in somi 
instances, valleys and water-courses have been spanned by them 
under circumstances which would have baffled the engineer's art 
in the employment of any other means. 

A suspension bridge consists of the supports, termed piersj 
from which the suspension chains are hung ; of the anchoring 
masses, termed the abutments^ to which the ends of the suspen- 
sion chains are attached ; of the suspension chains, termed the 
main chains^ from which the roadway is suspended ; of the verti- 
cal rods, or chains, termed the suspending-chains^ &c., which 
connect the roadway with the main chains ; and of the roadway. 

613. As the general principles upon which flexible supports 
for structures should be arranged have already been laid aawo 
under the head of Framing, nothing more will be requisite, undci 
the present head, than to add those modifications of the applies 
tions of these principles called for by the character of the struc 
tures in question. 

611. Bays. The natural water-way may be divided into any 
mimber of equal-sized bays, depending on local circumstances, 
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and the comparative cost of high or low piers^ and that of tl t 
main chains, and the suspending-rods. 

A bridge with a single bay of considerable width presents a 
bolder and more monumental character, and its stability, all othef 
things being equal, is greater, the amplitude from undulations 
caused by a moveable load being less than one of several bays. 

If two bays of equal span are preferred to a single one with 
an equal versed sine, the chains may be supported either by a 
single central pier, or by three piers of the same height. With 
a single pier, the structure will present the appearance (Fig. 101, . 
An. 538) of two half curves. The tension on the chains and 
the horizontal strain at the top of the pier will, in this case, be 
the same as in that of the full curve of double the span and the 
same versed sine ; and twice as great as in the case of three 
piers with curves of equal span and the same versed sine. 

If, instead of a central pier with two semi-arches, two entire 
arches be preferred for the bridge, then three piers will be neces- 
sary, whicn need only be half the height of those which a single 
bay would require. The tension on the chains in this case will 
be only one fourth of ttiat upon the chains of a bridge with a sin- 
gle bay of double width ; and the abutments may be made pro- 
portionally less strong. 

615. Piers. These are commonly masses of masonry in the 
shape of pillars, or columns, that rest on a common foundation, and 
are usually connected at top. The form given to the pier, when 
of stone, will depend in some respects on the locality. Generally 
it is tliat of the architectural monument known as tlie Triumphal 
Arch ; an arched opening being formed in the centre of the mass 
for the roadway, and sometimes two others of smaller dimensions, 
on each side of the main one, for approaches to tlie footpaths of 
the bridge. 

Piers of a columnar, or of an obelisk form, have in some in- 
stances been tried. They have generally been found to be want- 
ing in stiffness, being subject to vibrations from the action of the 
chains upon them, which in turn, from the reciprocal action upon 
the chains, tends very much to increase the amplitude of the vi- 
brations of the latter. These effects have been observed to be 
the more sensible as tlie columnar piers are the higher and more 
slender. 

Cast-iron piers, in the form of columns connected at top by an 
entablature, have been tried with success, as also have been 
r('!amnar piers of the same material so arranged, with a joint at 
(heir base, that they can receive a pendulous motion at top to ac- 
commodate any increase of tension upon either branch af the chaic 
resting on them. 

The dimensions of piers will depend upon their height and Um 
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Strain upon tbim When built of stone, the masonry should be 
▼ery carefully constructed of large blocks well bonded, and tied 
by metal cramps. The height of tlie piers will depend mostly 
on tlie locality. When of the usual forms, they should at least 
be high enough to admit the passage of vehicles under the arched 
way of the road. 

616. Abutments. The forms and dimensions of the abutments 
will depend upon the manner in which they may be connected 
with the chains. When the locality will admit the chains to be 
anchored without deflecting tliem vertically, the abutments may 
be formed of any heavy mass of rough masonry, which, from its 
weight, and the manner in which it is imbedded, have sufficient 
strength to resist the tension in. the direction of the chain. If it 
is found necessary to deflect the chains vertically to secure a good 
anchoring point, it will also generally be necessary to build a mass 
of masonry of an arched form at the point where the deflection 
takes place, which, to present sufficient strength to resist the 
pressure caused by the resultant of the tension on the two 
oranches of the chain, should be made of heavy blocks of cut 
stone well bonded. If the abutments are not too far from the 
foundations of the piers, it will be well to connect the two, in 
order to give additional resistance to the anchoring points. 

617. Main Chains^ &c. The suspending curves, or arches 
may be made of chains formed of flat, or round iron, or may con 
sist of wire cables constructed in the usual manner. 

The main chains of the earlier suspension bridges were formed 
of long links of round iron made in the usual way ; but, indepen* 
dently of the greater expense of tliese chains, they were found to be 
liable to defects of welding, and the links, when long, were apt to 
become misshapen under a great strain, and required to be stayed 
to preserve their form. Chains formed of long Unks of flat bars, 
usually connected by shorter ones, as coupling links, have on 
these accounts superseded those of the ordinary oval-shaped 
Hnks. 

The breadth of the chains has generally been made uniform , 
but in some recent bridges erected in England by Mr. Dredge, 
the chains are made to increase uniformly in Dreadth, by increas* 
iiig the number of bars in a link, from the centre to the points of 
suspension, lu addition to this change in the form of the main 
chains, Mr. Dredge places the suspending chains in a vcrtica 
plane parallel to the axis of the bridge, but obliquely to the hori- 
zon, inclining each way from the points of suspension towards 
the centre oi the curve. From ex]>eriments, it appears that a 
rery considerable increase of strength, for the same amount of 
material, is given by these modifications. 

Thcoiumber and disposition of the chains will depend upon tdr 
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Strain to be borne and the arrangement of the road'^ay and foot 
paths. For a single carriage-way the main chains are disposed 
on each side, leaving the requisite width of the carriage-way be- 
tween them. Should the weight to be be me be so great that the 
number of bars in a link would give such breadth to the chain as 
to require a considerable addition to the breadth of the piers, two 
or more chains must be employed, and these should be suspended 
one immediately below the other. It has been suggested that 
their distance apart should be such that the shadow from the 
chain above upon that beneath should not prevent the action of 
the sun's rays, in evaporating any moisture that may lodge in the 
articulations of the links, and also to preserve ah equable temper- 
ature in all the chains. If there are two carriage-ways, with 
footpaths, any arrangement of the chains may be adopted, simi- 
lar to those already pointed out for the ribs of wooden bridges 
under like circumstances ; care being taken that the strength of 
the chains be proportioned to the strain upon tliem, and that they 
be placed so far asunder, that in violent oscillations from higo 
winds they may not come into collision. 

Some of the links of the main chains should be arranged witl. 
adjusting screws, or with keys, to bring the chains to the proper 
degree of curvature when set up. 

The chains may either be attached to, or pass over a moveable 
cast-iron saddle, seated on rollers on the top of the piers, so that 
it will allow of sufficient horizontal displacement to permit the 
chains to accommodate themselves to the effects of a moveable 
load on the roadway. The same ends may be attained by attach- 
ing the chains to a pendulum bar suspended from the top of the 
pier. 

The chains are firmly connected with the abutments, by being 
attached to anchoring masses of cast iron, arranged in a suitable 
manner to receive and secure the ends of the chains, which are 
carefully imbedded in the masonry of the abutments. These 
points, when under ground, should be so placed that they can be 
visited and examined from time to time. 

618. Suspending Chains. The suspending-rods, or chains, 
should be attached to such points of the main chains and the 
roadway-bearers, as to distribute the load uniformly over the 
main chains, and to prevent their being broken or twisted off 
oy the oscillations of the bridge from winds, or moveable loads. 
They should be connected by suitably-arranged articulations, with 
a saddle piece bearing upon the back of the main chain, and at 
bottom with the stirrup that embraces the roadway-bearers. 

The suspending-chains are usually hung vertically. In Rome 
recent bridges they have been inclined inward to give mor» stMr 
lief 8 to the system. 
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619. Roadway. Transversal roadway-bearers are attached 
Co the snspendin^-chains, upon which a flooring of timber is laid 
for the roadway. The roaoway-bearers, in some instances, have 
been made of wrought iron, but timber is now generally preferred 
for these pieces. Diagonal ties of wrought iron are placed hori 
zontally between the roadway-bearers to brace the frame-work. 

Tlie parapet may be formed in the usual style either of wrought 
iron, or of timber, or of a combination of cast iron and timber 
Timber alone, or in combination with cast iron, is now preferred 
for the parapeti^ ; as observation has shown that the stiflhess given 
to the roadway by a strongly-trussed timber parapet limits the 
amplitude of the undulations caused by violent winds, and secures 
the structure from danger 

In some of the more recent suspension bridges, a trussed 
frame, similar to the parapet, has been continued below the level 
of the roadway, for the purpose of giving greater security to the 
structure against the action of high winds. 

When the roadway is above the chains, any requisite number 
of single chains maj be placed for its support. Frames formed 
of vertical beams of timber, or of columns of cast iron united by 
diagonal braces, rest upon the chains, and support the roadway- 
bearers placed either transversely, or longitudinally. 

620. Vibrations. The undulatory or vibratory motions of 
suspension bridges, caused by the action of high winds, or move- 

ble loads, should be reduced, to the smallest practicable amount, 
by a suitable arrangement of bracing for the roadway-timbers and 

Earapet, and by chain-stays attached to the roadway and to the 
asements of the piers, or to fixed points on the banks whenever 
they can be obtained. 

Calculation and experience show that the vibrations caused by 
a moveable load decrease in amplitude as the span increases, 
and, for the same span, as the versed sine decreases. The 
heavier the roadway, also, all other things being the same, the 
smaller will be the amplitude of the vibrations caused by a move- 
able load, and the less will be their effect in changing the form 
of the bridge. 

The vibrations caused by a moveable load seldom affect the 
bridge in a hurtful degree, owing to the elasticity of the system, 
unless they recur periodically, as in the passage of a body of 
soldiers with a cadenced march. Serious accidents have been 
occasioned in this way ; also by the passage of cattle, and by 
the sudden rush of a crowd from one side of the bridge to the 
other. Injuries of this character can on.y be guarded agamst by 
% proper system of police regulations. 

Cham-stays may either be attached to some point of ttie it>ad 
way. and to fixed points beneath it, or else they may be ui thi 
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form of a reversed curve below die roadway. The formi*r is the 
more efficacious, but it causes the bridge to bend in a disagree* 
able manner at the point where the stay is attached, when the 
action of a moveable load causes the main chains to rise. The 
more oblique the stays, the longer, more expensive, and lesF 
effective they become. Stays in the form of a reversed curvt 
preseive better the shape of the roadway under the action of a 
moveable load, but they are less effective in preventing vibrations 
tlian the simple stay. Neither of these metnods is very service 
able, except in narrow spans. In wide spans, variations of tern 
perature cause considerable changes in the length of tlie stays, 
which makes them act unequally upon the roadway ; this is par- 
ticularly the case with the reversed curve. Both kinds should 
be arranged with adjusting screws, to accommodate their length 
to the more extreme variations of temperature. 

Engineers, at present, generally agree that the most efficacious 
means of limiting the amplitude, and the consequent injurious 
effects of undulations, consists in a strong combination of the 
roadway-timbers and flooring, stiffened by a trussed parapet of 
timber above the roadway, and in some cases in extending the 
frame-work of the parapet below it. These combinations pre 
sent, in appearance, and reality, two or more open-built beams, 
as circumstances may demand, placed parallel to each other, and 
strongly connected and braced by the frame-work of the road* 
way, which are supported at intermediate points by the suspend- 
ing-rods, or chains. The method of placing the roadway-framing 
at the central line of the open-built beams presents the advantage 
of introducing vertical diagonal braces, or ties between the beams 
beneath the roadway-frame. The main objection to these com- 
binations is the increased tension thrown upon the chains from 
the greater weight of the frame-work. This increase of tension, 
however, provided it be kept within proper limits, so far from 
being injurious, adds to the stability and security of the bridge, 
both from the effects of undulations and of vibrations from shocks 

As a farther security to the stability of the structure, the frame 
work of the roadway should be firmly attached at the two extre 
mitie§ to the basements of the piers. 

621. Preservative means. To preserve the chains from oxi 
dation on the surface, and from rain or dews which may lodge ii 
the articulations, they should receive several coats of minium, or 
of some other preparation impervious to water, and this sfciculd 
be renewed from time to time, and the forms of all the parti 
should be the most suitable to allow the free escape of moistuxe. 

Wires for cables can be preserved from oxidation, until the^ 
ire made into ropes, by keeping them immersed in some alkaline 
solution. Before making them into ropes they should beiiipped 
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leTcnil times in I oiling linseed oil, prepared by pieviously boil- 
ing it with a small portion of litharge ana lampblack. The cables 
should receive a thick coaling of the same preparation before 
they are put up, and finally be painted with white lead paint, both 
as a preserrative means, and to show any incipient oxidation, as 
the rust will be detected by its discoloring the paint. 

622. Proofs of Suspension Bridges. From the many grave 
accidents, accompanied by serious loss of life, which have taken 
place in suspension bridges, it is highly desirable that some trial - 
proof should be made before opening such bridges to the public, 
and that, moreover, strict police regulations should be adoptee) 
and enforced, with respect to them, to guard against the recur 
rence of such disasters as have several times taken place in Eng 
land, from the assemblage of a crowd upon the bridge. In 
France, and on the continent generally, where one of the impor* 
tant duties of the public police is to watch over the safety of life, 
under such circumstances, regulations of this character are rigidly 
enforced. The trial-proof enacted in France for suspension 
bridges, before they are thrown open for travel, is about 40 lbs. 
to each superficial foot of roadway in addition to the permanent 
weight of the bridge. This proof is at first reduced to one half, 
m order not to injure the masonry of the points of support during 
the green condition of the mortar. It is made by distributing 
over the road surface any convenient weighty material, as bricks, 
pigs of iron, bags of earth, &c. Besides this after-trial, each 
element of the main chains should be subjected to a special proof 
to prevent the introduction of unsound parts into the system. 
This precaution will not be necessary for the wire of a cable, as 
the process of drawing alone is a good test Some of the coils 
tested will be a guarantee for the whole. ^ 

From experiments made at Geneva by Colonel Dufour, one of 
the earliest and most successful constructors of suspension bridges 
on the Continent, it appears that wrought bar iron can sustain 
without danger of rupture a shock arising from a weight of 44 
lbs. raised to a height of 3.28 feet on each, .0015dths of an inch 
of cross section, when the bar is strained by a Weight equal to 
one third of its breaking weight ; and he concludes that no ap 
prehension need be entertained of injury to a bridge from shocks 
caused by the ordinary transit upon it, which has been subjectea 
to the usual trial of a dead weight ; and that the safety, in this 
respect, is the greater as the bridge is longer, since the elasticity 
of the system is the best preservative from accidents due to sucli 
causes. 

623. Durebility. Time is the true test of the durability o 
tl:e stnictures under consideration. So far as experience goes 
there seems to be no reason to assign less durability to suspen 
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sion dian to cast-ifon, or even stone bridges, if tiieir repairs anJ 
the proper means of preserving them from decay are attended to 
DouDts have been expressed as to the durabihty of wire cables, 
but these seem to have been set at rest by the trials and exami* 
nations to which a bridge of this kind, erect^-d by Colonel Dofour, 
at* Geneva, was subjected by him after twenty years service. It 
was found that the undulations were greater than when the bridge 
was first erected, owing to the shrinkmg of the roadway-frame ; 
but the main cables, and suspending-ropes, even at the loops in 
contact with the timber, proved to be as sound as when first put 
up, and free from oxidation ; and the whole bridge stood another 
very severe proof without injury. 

624. The following succinct descriptions of the principal ele- 
ments of some of the most celebrated suspension bridges of 
chains, and wire cables, of remarkable span, are taken from va* 
nous published accounts. 

Bridge over the Tweed near Berwick. This is the first large 
suspension bridge erected in Great Britain. It was constructed 
upon the plans of Capt. Brown, who took out a patent for the 
principles of its construction. 

Span .... 449 feet. 
Versed sine . . . 30 " 
Number of main chains 12, six being placed on each side of the 

roadway, in three ranges, of two chains each, above each 

other. 

The chains are composed of long links of round iron, 2 mchea 
in diameter, and are 1 5 feet long. Tliey are connected by coupling 
links of round iron, 1| inch diameter, and about 7 inches long, by 
means of coupling bolts. 

The roadway is korne by suspending-rods of round iron, which 
are attached alternately to the three ranges of chains. The road- 
way-bearers are of timber, and are laid upon longitudinal bars 
of wrought iron, which are attached to the suspension rods. 

Menai Bridge, erected after the designs of Mr. Telford, 
Opened in 1826. 

Span .... 579.8 feet. 
Versed sine . . 43 " 

Number of main chains 16, arranged in sets of 4 ea:h, vertically 

above each other. 
Number of bars in each link 5. 
Length of links 10 feet. 
Breadth of each bar 3{ inches ; depth 1 inch. 
Coupling hnks 16 inches long, 8 inches broad, and I inch deep 
Coupling bolts 3 inches in diameter. 
Total area of cross section of the main chain, 260 square incLet 

The main chains are fastened to their abutments by ancboiinf 
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Dolts 9 feet long and 6 inches in diameter, which are secure 1 if 
GiM^t-iron grooves. The abutments, which are underground and 
reached by suitable tunnels, are the solid rock. 

Upon the tops of the piers are cast-iron saddles, upon which 
the main chains rest. The base of the saddle, whicn is fitted 
with grooves to receive them, rests upon iron rollers placed on a 
convex cylindrical bed of cast iron, shaped like the bottom of the 
fiasft of the saddle, to admit of a slight displacement of the chains 
from moveable loads, or changes of temperature. 

The roadway is divided into two carriage-ways, each 12 feei 
wide, and a footpath 4 feet wide between them. The roadway- 
framing consists of 444 wrought-iron roadway-bearers, 3^ inches' 
deep and i inch thick, which are supported at the centre points 
of each of the carriage-ways by an inverted truss, consisting 
of two bent iron ties which support a vertical bar placed under 
the roadway-bars at the points just mentioned. The platform 
of the roadway is formed of two thicknesses of plank. The 
first, 3 inches thick, is laid on the roadway-bearers and fastened 
to them. This is covered by a coating of patent felt soaked in 
boiling tar. The second is two inches thick and spiked to the 
first. 

The roadway is suspended by articulated rods attached to 
stirrups on the roadway-bearers and to the coupling bolts of the 
main chains. 

The piers are 152 feet high above the high- water level. They 
have an arched opening leading to the roadway, and the masses 
on the sides of the arch are built hollow, with a cross-tie partition 
wall between the exterior main walls. 

The parapet is of wrought-iron vertical and parallel bars con- 
nected by a network. 

This bridge was seriously injured by a violent gale, which gave 
so great an oscillation to the main chains that they were dashed 
against each other, and the rivet-heads of the bolts were broken 
on. To provide against similar accidents, a frame-work of cast 
iron tubes, connected by diagonal pieces, was fastened at inter- 
vals between the main chains, by cross ties of wrought-iron rods, 
which passed through the tubes, and were firmly connected with 
the exterior chains. Subsequently to tliis addition, a number of 
strong timber roadway-bearers were fastened at intervals to those 
of iron, as the iron roadway-bearers were found to have been 
bent, and in some instances broken, by the undulatory motion of 
the bridge in heavy gales. 

The total suspending weight of this bridge, including the main 
chains, roadway, and ah accessories, is stated at 643 tons 15^ 
cwt. 

The Fribourg bridge of wire thrown across the valley ci ihf 
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Sanne, opposite Fribourg, was erected in 1832 by M. Chaky^ a 
Fi*ench engineer. 

Span . . 870.32 feet. 

Versed sine . . 63.26 " 

There are 4 main cables, two on each side of the roai, of the 
same elevation, and about 1 ^ inch asunder. Each cable is com- 
posed of 1056 wires, each about 0.118 inch in diameter, which 
are firmly connected and brought to a cylindrical shape by a spiral 
wire wrapping. The diameter of the cable varies from 5 to 5^ 
inches. The cables pass over 3 fixed pulleys on the top of the 
piers, upon which they are spread out without ligatures, and are 
each attached to two other cables of half their diameter which 
are anchored at some distance from the piers, in vertical pits, 
passing over a fixed pulley where they enter the mouth of the 
pit. 

The suspending-ropes are of wire a size smaller than that used 
for the cables. Their diameter is nearly 1 inch. They are 
formed with a loop at each end, fastened around a crupper-shaped 

Eiece of cast iron, ths^t forms an eye to connect the rope with the 
ook of the stirrup affixed to the roadway-beare];s, and to a saddle- 
piece of wrought iron, for each rope, that rests on the two main 
cables. 

The roadway-bearers are of timber, being deeper in tlie centre 
than at the two ends, the top surface being curved to conform to 
a slight transverse curvature given to the surface of the carriage- 
way ; they are placed about 5 feet between tlieir centre lines, 
every fourth one projecting about 3 feet beyond the ends of the 
others, to receive an oblique wrought-iron stay to maintain the 
parapet in its vertical position. The carriage-way, which is about 
15^ feet wide, is formed of two thicknesses of plank. The foot- 
paths, which are 6 feet wide, are raised above the surface of the 
carriage-way, and rest upon longitudinal beams of large dimen- 
sions, the iimer one of which is firmly secured to the roadway 
bearers by stirrups which embrace them, and the exterior one is 
fastened to the same pieces by long screw-bolts, which pass 
through the top rail of the parapet. The roadway has a sught 
curvature from tlie centre to the two extremities, along the axis ; 
the centre point being from 18 inches to about 3 feet higher than 
the ends, according to the variations of temperature. The main 
cables at the centre are brought dow i nearly in contact with the 
roadway-timbers. 

The parapet is an open-built beam, consisting of a top rail, the 
bottom rail being the longitudinal exterior beam of the footpath, 
and of diagonal pieces which are mortised into the two rails ; the 
whole being secured by the iron bolts that pass through the road 
«ra} -bearers and the op rail. This combination of the parapet 
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mth the inclination towards the axis of the loadway given to the 
•oipending-ropes, gives gi tat stiffneBs to the roadway, and coun- 
teracts both lateral oscillationc and longitudinal undulations. 

The piers consist of two pillars of Boiid masonry, about 86 fee 
high above the level of the roadway, which are united, afaboul 
83 feet above the same level, by a full centre arch, having a span 
of nearly 20 feet, and which forms the top of the gateway leading 
to the bridge. 

Hungetford and Lambeth bridge, erected over the Thames 
Upon the plans of Mr. Brunei. 

This bridge, designed for foot-passengers only, has the widesi 
span of any chain bridge erected up to this period. 
Span . 676^ feet. 

Versed sine . , 50 " 

The main chains are 4 in number, two being placed on each 
side f f the bridge, one above the other. These chains are formed 
entirely of long links of flat bars ; the links near the centre of the 
curve having aitemately ten and eleven bars in each, and those 
near the piers altematdy eleven and twelve bars. The bars are 
24 feet long, 7 inches in depth, and 1 inch thick. They are 
connected by coupling-bolls, 4f inches in diameter, whicli are 
secured at each end by cast-iron nuts, 8 inches in diameter, and 
3J inches thick. The extremity of each chain is connected with 
i cast-iron saddle-piece, by bolts which pass through the vertical 
ribs of the saddle-piece, of which there are 15. The bottom of 
the saddle rests on SO friction-rollers, which are laid on a firm 
horizontal bed of cast iron. The saddle can move 18 inches 
horizonlally, either way from the centre, and thus compensate 
for any inequality of strain on the main chains, either from a load, 
01 from variations of temperature. 

The side main-chains are attached in like manner to the sad- 
dle, and anchored at the other extremity in an abutment of brick- 
work. The anchorage {Fig. 140) is arranged by passing the 
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chains through a strong cast-iron plate, and securing the enda of 



962 



BRIDGES, ETC. 



he bars oy keys. The anchoring-plate is retained in iU phce 
oy two strong cast-iron beams, against which the strain upon the 
plate is thrown. 
The suspending-rods (Fig. 141) are connected with both the 





Fif. 141— ShowB an eleva- 
tion M and croes sectica 
N of the connectran be- 
tween the main-chaim 
and suapending-rodfl. 
2 a, a, iip|)er main-chain. 
o 6, 6, joint of lower main- 
chain. 

c, 8U8pending-rod with a 
forlced head' to receiyeth<» 
plate d, hung by stiiTup 
Btrape e and/,re8pe<^iv^ 
ly, to the ooapling-bolt of 
tne linka and to the twt 
bolts^, fastened to the sad* 
die A on top of the nppei 
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upper and lower main-chains ; to the upper by a saddle-piece 
and bolts, and to the coupling-bolt of the lower by an arrange- 
ment of articulations, which allows an easy play to the rods ; at 
bottom (Fig. 142) they are connected by a joint with a bolt that 
fastens firmly the roadway-timbers. 




Fig. 149— Shows an elevation of the roadway-timben. 
a, bottom longitudinal beam. 
6, 6, rcadway-bearen in paiia 
c- platform. 
iC d, top longitudinal beam fonning the bottom rail of the 



7 e, Dolt, with a forked head to receive the end of the suspending 

^ rod, which is keyed beneath and secures the beams, dx. 

g, wrought-iron horizontal diagonal ties. 



The roadway-timbers consist of a strong longitudinal botton; 
beam, upon which the roadway-bearers are notched ; these last 
pieces are in pairs, the two being so far apart that the bolta con- 
necting with the suspending-rods by a forked head can pass be 
tween them ; the fiooring-plank is laid upon the roadway-bearers ; 
and a top longitudinal beam, which forms the bottom rail of the 
parapet, is secured to the bottom beam by the connecting bolt. 
Wrought-iron diagonal ties are placed horizontally below th« 
flooring, to brace the whole of the timbers beneath. 

The roadway is 14 feet wide. It slopes from the centre pom 
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ilong the axis to the extremities, being 4 feet higher in the centre 
than at the two last points. 

The piers are in the form of towers, resembling the Italian 
belfry. They are of brick, 80 feet high, and so constructed and 
combined witn the top saddles, that they have to sustain no othei 
strain than the vertical pressure from the main-chains. 

The whole weight of the structure, with an additional load of 
100 lbs. per square foot of the roadway, would throw about lOOC 
tons on each pier. The tension on the chains from this load is 
calculated at about 1480 tons ; while the strain they can bear 
without impairing their strength is about 5000 tons. 

Monongahela wire Bridge. This bridge, erected at Pittsburgh 
Fenn^, upon plans, and under the superintendence of Mr. Roe 
bling, has 8 bays, varying between 188 and 190 feet in width. It 
is one of the more recent of these structures in the United States. 

The roadway of each bay is supported by two wire cables, of 
4t inches in diameter, and by diagonal stays of wire rope, at 
tached to the same point of suspension as the cables, and con 
necting with different points of the roadway-timbers. The ends 
of the cables of each bay are attached to pendulum-bars, by 
meaid of two oblique arms, which are united by joints to the 
pendulum-bars. These bars are suspended from the top of 4 
cast-iron columns, inclining inwards at top, which are there firmly 
united to each other ; and, at bottom, anchored to the top of a 
stone pier' built up to the level of the roadway-timbers. The 
side columns of each frame are connected throughout by an open 
lozenge-work of cast iron. The front columns have a like con- 
nection, leaving a sufficient height of passage-way for foot-pas* 
senffers. 

The frame-work of 4 columns on each side is firmly connected 
dt t(^ by cast-iron beams, in the form of an entablature. A car- 
riage-way is left between the two frames, and a footpath between 
rhe two columns forming the fronts of each frame. 

The points of suspension of the cables are over the centre line 
of the footpaths ; and the cables are inclined so far inward that 
the centre point of the curve is attached just outside of the car- 
riage-way. The suspending-ropes have a like inward inclination, 
the object in both cases being to add stififness to the system, and 
diminish lateral oscillations. 

The roadway consists of a carriage-way 22 feet wide, and twc 
footpaths each 5 feet wide. The roadway-bearers are transversa] 
beams in pairs, 35 feet long, 15 inches deep, and 4| inches vride 
They are attached to the suspending-ropes. The flooring con 
tfistA of 2\ inch plank, laid longitudinally over the entire roadway- 
surface ; and ot a second thickness oi 2| inch oak plant laid 
tnuwyersely o* er the cairiage-way. 
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The parapet, which is on the principle of Town's lattice, ei 
ends so far belpw the roadway-oearers that they rest and art 
notched on the lowest chord of the lattice. A second chord em 
braces them on top, and finally a third chord completes the lattice 
at top. The object of adopting this form of parapet was to in 
crease the resistance of the roadway to undulations. 

MOVEABLE BRIDGES 

624. The term moveable bridge is commonly applied to a 

Elatform supported by a frame-work of timber, or of cast iron, 
y means of which a communication can be formed or inter 
rupted at pleasure, between any two points of a fixed bridge, oi 
over any narrow water-way. These bridges are generally de- 
nominated draw-abridges J but this term is now, for the most part, 
confined to those moveable bridges which can be raised or low- 
ered by means of a horizontal axis, placed either at one extremity 
of the platform, or at some intermediate point between the two 
ends, and a counterpoise which is so connected with the platfoim 
m either case, that the bridge can be easily manoeuvred by a 
small power acting through the intermedium of some suit/ble 
mechanism applied to the counterpoise. The term turning or 
swinging bridge is used when the bridge is arranged to lurri 
horizontally around a vertical axis placed at a point between its 
two ends, so that the parts on each side of the axis balance each 
other ; and the term rolling bridge is applied when the bridge 
resting upon rollers can be shoved forward or backward horizon- 
tally, to open or interrupt the passage. 

To the above may be added another class of moveable bridges 
used for the same purpose, which consist of a platform supported 
by a boat, or other buoyant body, which can be placea in or 
withdrawn from the water-way, as circumstances may require. 

625. Local circumstances will, in all cases, determine what 
description of moveable bridge will be best. If the width of the 
water-way is not over 24 feet, a single bridge may be used ; but 
for greater widths the bridge must consist of two symmetrical 
parts. 

626. Draw-bridges. When the horizontal axis of this de 
scription of bridge is placed at the extremity of the platform, the 
bridge is manoeuvred by attaching a chain to the other extremity, 
which is connected with a coimterpoise and a suitable mechanism, 
by which the sliffht additional power required for raismg the 
bridge can be applied. 

A number of ingenious contrivances have been put in practice 
for tl ese purposes. They consist usually either of a counter* 
poise of invariable weight, connected with additional animal mo 
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ttre power, which acts with constant intensity but with a variab e 
aim of lever ; or of a counterpoise of variable weight, which is 
assisted by animal motive power acting.with an invariable aim of 
lever. In some cases the bridge is worked with a less compli- 
cated combination, by dispensing with a counterpoise, and ap« 
plying animal motive power, of variable intensity, acting with a 
constant or a variable arm of lever. 

Among the combinations of the first kind, the most simple 
consists in placing a framed lever (Fig. 143) revolving on a hori 

Fig. 143— Shows tlie man- 
ner ofmaiKBUvring a draw- 
bridge either by a framed 
lever, or by a ooimtexpoise 
suspended from a spiral 
eccentric. 

A, abutment. 

a, section of the pUtfonn 

A, framed lever. 

Ct chain attached t^ the 
ends of the lever and the 
platform. 

a, strut moveable around 
its lower end. 

e, bar witli an articulation 
at eaoh end that confines 
the strut to the j>latfonn. 

/, spiral ecceutnc connect- 
ed with the counterpoise 
4P by a chain pasing over 
the gorge of the eccentric. 

A, chain for raising the 
bridge^ one end of which 
is attached to tlie extre- 
mity of the platform, and 
the other to the axle of 
the eccentric. 

I, fixed pulley over which 
the cham h is p a s s ed . 

m. Wheel fix<Hl to the axle 
of the ecceuiric for the 
purpose of tuniing it by 
means of animal power 
applied to the endless 
chain n. 

sontal axis above the platform. The anterior part of the frame 
is connected with the moveable extremity of the platform by two 
chains. The posterior portion, which forms the counterpoise, 
has chains attached to it by which the lever can be worked by 
men. 

Wiien the locality does not adroit of this arrangement, the 
chain attached to the moveable end of the platform may be con 
nccted with a horizontal axle above the platform, to which is also 
attached a fixed eccentric of a spiral shape, (Fig. 143,) connected 
witli a chain that passes over its gorge and sustains a counter* 
poise of invariable weight. Upon the same axle an oidinaiy 
wheel is hang, over the gorge oi which passes an endless chain 
ti manoeuvre the bridge by animal power. 

Of the combinations oi variable counterpoises the mechanimi 
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ot M. Poncelet, which has been succesBfuUy applied ir naiif 
iDfltances in France for the draw-bridges ot military works, if 
one of the most simple in its arrangement and construction. The 
moveable end of the platform (Fig. 144) is connected by a com« 

Fig. 144-Stiowstheap* 
fanxrinoDt of adraw- 
bridge with a yaria 
ble oounterpoiM. 

A aud B. abutii]«uta 

g, variablo couuter* 
poiw formed of ■ 
chain With flat liuln, 
one end of which is 
attached to a fixed 
point, and the olhef 
to the chain c attach- 
ed to the moveabk 
end of the platform. 

t, fixed Millev ova^ 
which toe chain e 
paflMs to the ioiak 
wheel k fixed on a 
horizontal shaft, tc 
which is also attadi- 
ed the wheel m and 
the endless chain n 
for manceuvring the 
bridge. 

mon chain, that passes over the gorge of a wheel hung upon s 
horizontal shaft above the platform, with another chain of variable 
breadth, formed of flat bar links, which forms the counterpoise. 
The chain counterpoise is attached at its other extremity to a 
fixed point in such a way, that when the platform ascends, a por- 
tion of the weight of the chain is borne oy this fixed point ; and 
thus the weight of the counterpoise decreases as the platform 
rises. The system is manoeuvred by an .endless chain passed 
over the Murge of a wheel hung upon the horizontal shaft. 

For light platforms a counterpoise may be dispensed with, and 
the bridge may be manoeuvred Dy connecting the chain attached 
to the moveable end of the platK)rm to a horizontal shaft, which 
is turned by the usual tooth-work combinations. 

When the locality does not admit of manoeuvring the bridge by 



Fig. 145-^6how8 the ar- 
rangement of a draw- 
hriuge where thoooon- 
terpoise is formed bf 
prolonging back tb« 
platform. 

A, abutment 

B| well of a mitabto 
lorm for manasuvring 
the bridge. 

a, chain-fltay to keep 
the platform firm wh 
the uidge is down. 



t chain connected with some point above the frame-work of Uie 
phtfomiy Fig. 145 is continued back, from two thirds to thre« 
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fifths its length, from the face of the abutment, to form a coun- 
terpoise for the platform of the bridge. The horizontal axis of 
the bridge is placed near the face of the abutment, and a well of a 
suitable shape to receive the posterior portion of the platform that 
forms the counterpoise is formed behind the abutment. ' 

The mechanism for working the bridge may consist of i chain 
and capstan below the platform-counterpoise, or of a suitable 
combination of tooth-work. 

In bridges of a single platform, the moveable extremity, when 
the bridge is lowered; rests on the opposite abutment, and no 
intermediate support will be required for the structure if the 
frame-work be of sufficient strength ; but when a double bridge, 
consisting of two platforms, is used, the platforms (Fig. 143) 
should be supported near their moveable ends, when the bridge 
is down, by struts moveable around the joint by which they are 
connected with the face of the abutments. These struts are 
so connected with the bridge that they are detached from it 
and drawn up when it is raised, and fall back into their places, 
abutting against blocks near the moveable end of the platform, 
when the bridge is down. By these arrangements the cnains foi 
working the bridge are relieved from a portion of the strain when 
the bridge is down, and it is also rendered more firm. 

When the counterpoise is formed by the rear part of the plat 
form, additional security may be given to the bndge when down 
by attaching two chains beneath the platform, and securing them 
to anchoring-points at the bottom of the well. In some cases a 
heavy bar, fitted to staples beneath connected with the timbers 
of the platform, is used for the same purpose. 

In double bridges the two platforms when lowered should abut 
against each other, giving a slight elevation to the centre of the 
bridge. This not only gives greater stiffness, but is favorable to 
detaching the platforms when the bridge is to be raised. 

For draw, and every kind of moveable bridge, temporary bar- 
riers should be erected on each side at the entrance upon the 
bridge, to prevent accidents by persons attempting to cross the 
bridge before it is properly secured when lowered. 

627. Tuming'briages, These bridges revolve horizontally 
upon a vertical shaft, or gudgeon below the platform, which is 
usually thrown far enough back from the face of the abutment tc 
place tlie side of the bridge, when brought round, just within this 
face. The weights of the parts of the bridge around the shaft 
should balance each other. 

To support and manoeuvre the bridge (Fig. 146) a circular 
ring of iron, or roller-way ^ of less diameter than the breadth of 
Jtm bridge, and concentric with the ver:ical shaft, is firmly iiiK 
Dedded in masonry. Fixed rollers, in the shape of truucaled 
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cones, are attached at equal distances apart to the frame -wc Hi of 
the platform beneath, and rest upon the roller-way. The bxidge 




Fig. 146— Repreaelits the arrangement of a tiiming-bridKe. 
a, platform of the bridge. 

fr, vertical posts to whicii the iron stays n, n are attached, 
c, vertical shaft or gudgeon on which the bridge turns. 
0, 0, conical rbiUerB. 

is worked by a suitably arranged tooth-work, or by a chain and 
capstan. In some cases cast-iron balls, resting on a grooved 
roller-way and fitting into one of corresponding shape fixed be- 
neath the platform, have been used for manoeuvring the bridge. 

The ends of the bridge are cut in the shape of circular arcs tc 
fit recesses of a corresponding form in the abutments, so arranged 
as not to impede the play of the bridge. 

In double turning-bridges the two ends of the platforms which 
come together should be of a curved shape. The platforms 
should be sustained from beneath by struts, like those used for 
draw-bridges, which can be detached and drawn into recesses 
when the passage is interrupted ; or else they may be arranged 
with a ball-and-socket joint at their lower extremity, so as to be 
brought round with the bridge. For the purpose oi giving addi- 
tional strength and security to the bridge, iron stays are, in some 
cases, attached on each side of the platform near the extremities, 
and connected with vertical posts placed in a line with the verti 
cal shaft. 

Turning-bridges may be made either of timber, or oi cast iron ; 
the latter material is the more suitable, as admitting of more ac- 
curacy of workmanship, and not being liable to the derangements 
caused by the shrinking or warping of frame-work of timber. 

628. Rolling-bridges, These bridges are placed upon fixed 
rollers, so that they can be moved forward or backward, to inter- 
rupt, or open the communication across the water-way. The 
part of the bridge tliat rests upon the rollers, when the passage 
is closed, must form a counterpoise to tiie other. The mechan- 
ism usually employed for manoeuvring these bridges consists of 
tooth-work, and may be so arranged that it can be ivorked bj 
one or more persons standing on the bridge. Instead of fixed 
rollers turning on axl 3S, iron balls resting in a grooved roller-way 
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in ly be isod, a similar roller-way being affixed to the fi .me*wor1c 
beneath. 

629. Boat'bridge. A moveable bridge of this kind may be 
made by placing a platform to form a roadway upon a boat, or a 
water-tight box of a suitable shape. This bridge is placed in, oi 
withdrawn from the water-way, as circumstances may require, a 
suitable recess or mooring being arranged for it near the water 
way when it is left open. 

A bridge of this character cannot be conveniently used in tidal 
waters, except at certain stages of the water. It may be em 
ployed with advantage on canals in positions where a fixed bridgr 
could not be placed. 

AQUEDUCT-BRIDGES. 

630. In aqueducts and aqueduct-bridges of masonry, for sup- 
plying reservoirs for the wants of a city, or for any otlier purpose, 
tlie volume of water conveyed being, generally speaking, small, 
the structure will present no peculiar difficulties beyond affording 
a water-tight channel. This may be made either of masoniy, oi 
of cast-iron pipes, according to the quantity of water to be deliv- 
ered. If formed of masonry, the sides and bottom of the channel 
should be laid in the most careful manner with hydraulic cement, 
and the surface in contact with the water should receive a coating 
of the same material, particularly if the stone or brick used be 
of a porous nature. This part of the structure should not be 
commenced until the arches nave been uncentred and the heavier 
parts of the .structure have been carried up and have had time to 
settle. The interior spandrel-filling, to the level of the masonry 
which forms the bottom of the water-way^ may either be formed 
of solid material, of good rubble laid in hydraulic cement, or of 
beton well settled in layers ; or a system of interior walls, like 
those used in common bridges for thd support of the roadway, 
may be used in this case for the masonry of the water-way to 
rest on. 

631. In canal aqueduct-bridges of masonry, as the volume of 
w^ater required for the purposes of navigation is much greater 
than' in the case of ordinary aqueducts, and as the structure has 
to be traversed by horses, every precaution should be taken tc 
procure great solidity, and secure the work from accidents. 

Segment ai'cties of medium span will generally be found mosi 
suitable for works of this character. The section of the water- 
yffvcy is generally of a trapezoidal form, the bottom line being 
horizontal, and the two sides receiving a slight batir ; its dimen 
sions are usually restricted to allow the passage of a single boat 
11 a time On one side of the water-way a horse or tow path if 
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placed, and on the other a narrow footpath. The watec-way 
ehould be faced with a hard cut-stone masonry, well bonded t^ 
secure it from damage from the passage of the boats. The space 
between the facing of the water-way, termed the trunk oi the 
aqueduct, and the head-walls, is filled .'n with soUd material, either 
of rubble or of beton. 

A parapet-wall of the ordinary form and dimensions surmounts 
the tow and footpaths. 

The approach to an aqueduct-bridge irom a canal is made by 
giadually increasing the width of the trunk between the wings, 
vhich. for this purpose, usually receives a curved shape, and 
narrowing the water-way of the canal so as to form a convenient 
access to the aqueduct. Great care should be taken to form a 
perfectly water-tight junction between the two works. 

632. When cast iron or timber is used for the trunk of an 
aqueduct-bridge, the abutments and piers should be built of stone. 
The trunk, which, if of cast iron, is formed of plates with flanches 
to connect them, or, if of timber, consists of one or two thick- 
nesses of plank supported on the outside by a framing of scant- 
ling, may be supported by a bridge-frame oi cast iron, or of tim- 
ber, or be suspended from chains or wire cables. 

The tow-path may be placed either within the water-way, or, 
as is most usually done, vrithout. It generally consists of a sim- 
ple flooring of plank laid on cross-joists supported from beneath 
by suitably arranged frame-work. 

633. The following succinct descriptions of some of the aque 
duct-bridges of the United States and of Europe are derived from 
authentic sources. 

Chirk Aquediict-bridge over the Ceriog. This work, built by 
Telford, consists of 10 full centre arches of masonry, of 40 feet 
span each. The water-way is only 1 1 feet wide and 6 feet deep. 
The tow-path 6 feet wide. 

The piers of this work, which in some places are over 100 feet 
in height, are built hollow for some distance below the top ; the 
facing being connected by cross-walls upon which the bottom 
of the water-way, formed of broad iron-nanched plates, and the 
masonry of the sides rest. 

Pont-y^Cystile Aqueduct-bridge over the Dee, This is also 
one of Telford's early works. ITie trunk is of cast-iron plates 
connected by flanches. These rest upon stone piers and upon a 
bridge-frame of cast iron consisting of four ribs of solid panels. 
The span of the ribs is 46 feet and the rise 7| feet. 

The breadth of the water-way is 1 1 feet 10 inches. The tow- 
path is 4 feet 8 inches wide, and is placed within the wate* way, 
resting upon cast-iron uprights. 

The canal aqueduct-bridges at Guftin over the Allier^ and a 
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Digoin upon the Loire, are among the more recent Alructares ol 
this character in France. They are both built upon the 8am« 
[»lan, and of mixed masonry. The first has eignteen arches ; 
the second eleven. The span of each arch is 52^ feet, and the 
rise about 23 feet. The piers are about 1 feet thick at the im 
post. The breadth of the aqueduct between the heads is 31 feet, 
and that of the water-way about 16 feet. 

Rochester Canal Aqueduct^bridge, This is the most recent 
and the largest aqueduct-bridge built entirely of masonry in the 
United Stales. It consists of seven segment arches. Its water 
way is of sufficient width fpr the passage of two boats, and is 
arlapted to the enlargement of the Erie canal. The span of each 
arch is 52 feet; the rise 10 feet. The key-stone is 2 feel 
6 inches in depth, and the top of it is on a level with the bottom 
of the trunk. The piers are 10 feet thick at the impost. The 
water-way is 9 feet in depth, the masonry of the sides receiving 
a batir of 2 inches in one foot. The depth of water is 7 feet, 
and the width at the water-line 45 feet. The sides of the water- 
way, the top surface of which forms the tow-paths, are 1 1 feet in 
width at top, including the projection of the coping. The trunk 
at each extremity is gradually enlarged, in a curved shape, to the 
widlh of 55 feet, where it unites with the slopes of tlie water-way 
of the canal. 

This work is built throughout in a very strong and superior 
manner, of heavy blocks of gray lime-stone laid in hydrauJic 
mortar. 

Potomac Canal Aqueduct'bridge, This work, originally in- 
tended to be of stone throughout, was to have consisted of twelve 
oval arches of eleven centres, the span of each being 100 feet, 
and the rise 25 feet Every third pier forms an abutment-pier, 
and is 21 feet thick at the impost ; the others are only 12 feet 
thick at the same level. The piers have been built upon the 
original design, but a wooden superstructure, consisting of the 
trunk of the aqueduct, a tow-path, and the frame-work for their 
support, has been substituted for the stone arches. 

rhe trunk (Fig. 147) is formed of a frame consisting of two 
parallel open-built beams, connected at bottom by parallel cross- 
]oists and horizontal diagonal braces, which are sheatheel on the 
interior with plank to form the water-way. 

£ach of the open-built beams is composed of a top and bottom 
string connected by uprights that project above and below the 
strings, and by single diagoral braces placed between each pair 
of uprights. 

The tow-path is placed on the outside of the trunk, and con 
sists of a flooring laid upon cross-jcfsts placed between one of ihs 
built beams of the trunk and a thiic* parallel to it. 



«73 



BRIDOEBy ETC. 



The exterior-built beam of the tow-path is framed of sniajoi 
•rantling than the other two. It is connected with tlie btuit 




fig. 147— Represents a crofls section of the trunk and tow-path of tha 
Potomac canal aqaeduct-bridge. 

A, interior of trunk. 

B, tow-path. 

a, a, uprights of the opembuilt beams on the aides of the trank. 

*, upright of the open-built beam of tlie tow-path. 

c. lower strings of the built beams. 

a, upper string. ^ 

e, croeB-joists on wliich the sheathing of the bottom of the trank retti. 

n, croHHJoists of the tow-path. 

m, vertical diagonal braces between the crofls Joists. , 

/, parapet. 

beam of the trunk by every fourth cross-joist of the trunk, by the 
top cross-joists of the flooring, and by vertical diagonal braces 
placed between each pair of top and bottom cross-joista. 

The uprights of the exterior-built beam of the tow-path pro- 
ject sufficiently liigh above the flooring to form a parapet. 

The frame-work of the trunk and tow-path is supported at 
mtermediate points from beneath by inchned struts which abut 
against the faces of the piers at a point above the high-water 
level. 

The section of the water-way is rectangular. The interior 
width is 17 feet; the height of the sheathing 8 feet 4 inches 
within ; and the depth of water 4 feet 4 inches. 

The surface of the tow-path is 6 feet wide between the uprights 
of the built beams, and is on a level with the top of the sheathing. 
The exterior parapet is 3 feet ] inches above the level of the 
tow-path, and an interior parapet, 2 feet above the same level, is 
formed by a capping on the uprights of the built beam, making 
the height of the capping on each side of the trunk 10 feet 4 
mches above the sheathing of the bottom. 

The frame-work of this structure is simple in its combinations 
and well arranged both for strength and stiffness. 

Wire Suspension Canal Aqueduct-bridge over the Alleghany 
river at PiUsburgK This novel work (Fig. 148) was planned 
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AD 1 constructed by Mr. Roebling, through whom the followir^ 
de ailed description was obtained : 

" This work is formed of seven spans of 160 feet each from 
centre to centre of pier. The trunx is ot wood and 1 140 fet.t 
lung, 14 feet wide at bottom, 16| feet wide on top ; the sides 8| 
feet deep. These as well as the bottom are composed of a 
double course of 2^ inch white-pine plank laid diagonally, the 
two courses crossing each other at right angles, so as to form a 
solid lattice-work of great strength and stiffness, sufficient to bear 
il« own weight and resist the effects of the most violent storms. 
The bottom of the trunk rests upon transverse beams, arranged 
in pairs 4 feet apart ; between these the posts which support the 
■idea of the trunk are let in with dove-tailed tenons, secured by 
bolts. The outside post« which support the side-walk and tow- 
path incline outwards and are connected with tlie beams in a 
■imilai planner. Each trunk-post is held by two braces 2^x10 
inches, and connected with the outside posts by a double joibt of 
2^x10. The trunk-posts are 7 inches square at the top sod 
35 
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7x14 at the heel. The transverse beatns are i.7 feet long 1ft 
inches deep, and 6 inches wide ; the Sj^oe between the two dd- 
joining is 4 inches. It will be observed that all parts of the 
frame, with the exception of the posts, are double, so as to admit 
the suspension-rods. Each pair of beams is supported on each 
side of the trunk by double suspending-rods ot I J inch round 
bar-iron, bent in the shape of a stirrup, and mounted on a small 
cast-iron saddle, which rests on the cable. These saddles are on 
top of the cables conn'ected by links, which diminish in size from 
the pier towards the centre. The sides of the trunk rest solid 
against the bodies of masonry, which are erected on each piei 
and abutment as bases for the pyramids which support the cables 
These pyramids, which are constructed of three blocks or courses 
of a durable coarse-grained hai'd mountain sand-stone, rise 5 feet 
above the level of the side-walk and tow-patli, and meaiure 3x5 
feet on top, and 4x6 J feet in base. The side-walk and tow-path 
being 7 feet wide, leave 3 feet space outside for the passage of 
he pyramids ; the ample width of the tow and footpath is there- 
fore contracted on every pier ; but this arrangement proves no 
mconvenience, and was necessary for the suspension of the cables 
next to the trunk. 

' * As the caps which cover the saddles and cables on the pyra- 
mids rise 3 feet above the inside, or trunk-raiUng, they would 
obstruct the passage of the tow-line ; tliis however is obviated 
by a slide-rod of round iron, which passes over the top of the cap 
and forms a gradual slope down to the railing on each side of the 
pyramid. 

" The wire cables, which are the main support of the structure, 
are suspended next to the trunk, one on each side. Each of 
tliese two cables is exactly 7 inches in diameter, perfectly solid 
and compact, and constructed in one piece from shore to shore, 
1 176 feet long ; it is composed of 1900 wires of | inch diameter, 
which are laid parallel to each other. Great care has been taken 
to insure an equal tension of the wires. The oxidation of the 
wires is guarded against by a varnish applied to each separately. 
The preservation of the cables is insured by a close, compact, 
and continuous wrapping, made of annealed Wire and laid on by 
machinery in the most perfect manner 

" The extremities of the cables on the aqueduct do not extend 
below ground, but connect with anchor-chains, which in a curved 
line pass through large masses of masonry, the last links occupy- 
mg a vertical position. The bars composing these cha ns aver- 
age l|x4 inches, and are from 4 to 12 feet long; they arc 
manufactured of boiler-scrap, and forged in one piece wit! out a 
weld. The extreme links are anchored to' heavy cast-iron plates 
»f 6 feet square, which are held down by the foundations, upar 
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wWch the weight of 700 perches of masonry rests. The stabilit} 
of this part of the structure is fully insured, as the resistance oi 
the anchorage is twice as great as the greatest strain to which the 
chains can ever be subjected. 

*' The plan of anchorage adopted on the aqueduct varies mate- 
nally from those methods usually applied to suspension bridges, 
where an open channel is formed under ground for the passage 
of the chains. The chains below ground are imbedded and com* 
pletely surrounded by cement. In the construction of the ma- 
sonry this material and common lime-mortar have been abundantly 
applied. The bars are painted with red lead : their preservation 
is rendered certain by the known quality of calcareous cements tc 
prevent oxidation. If moisture should find its way to the chains, 
It wiU be saturated with lime, and add another calcareous coat- 
ing to the iron. This portion of the work has been executed 
with scrupulous care, so as to render it unnecessary, on the part 
of those who exercise a surveillance over the structure, to examine 
it. The repainting of the cables every two or three years will 
insure their diuration for a long period. 

** Where the cables rest on the saddles, their size is increased 
at two points, by introducing short wires and forming swells 
which fit into corresponding recesses of the casting. Between 
these swells the cable is lorcibly held down by three sets of 
strong iron wedges, driven through openings which are cast in 
the sides of the saddle. During the raising of the frame-work, 
the several arches were frequently subjected to very unequal and 
considerable forces, which never disturbed the balance, and proved 
the correctness of previous calculations. The woodwork in any 
of the arches, separately, may be removed and substituted by new 
material, without affecting the equilibrium of the next one. 

" The original idea upon which the plan has been perfected, 
was to form a wooden trunk, strong enough to support its own 
weight, and stiff enough for an aqueduct, or bridge, and to com- 
bine this structure witli wire cables, of a sufficient strength tc 
bear safely the great weight of water. 
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Table of Quantities on Aqueduct, 



Length of aqueduct without extensions 



Length of cables 
length of cables and chains . 
Diameter of cables 
Aggregate weight of both cables 
Section of 4 feet of water in trunk 
Total weight of water in aqueduct 
Do. do. in one span 

Weight of one span including all 
4ggregatf> oumtMr of wires in both cables . 3800 



1 140 feet. 
1176 " 
1283 " 

7 inches. 
110 tons. 
59 superf f<p«i 
2100 tons. 
895 " 
490 «* 
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A^ffgrogAte solid sectiot of both cables 
Do. do. anchor-chains 

Deflection of cables 

Elevation from top bf pyramids to top of piers . 

Weight of water in one span between piers 

Tension of cables resulting from this weight • 

Tension of one single wire 

Average ultimate strength of one wire 

Ultimate strength of cables .... 

Tension resulting from weight of water upon 1 solid 
square inch of wire cable . . . • 

Tension resulting from weight of water upon 1 square 
inch of anchor-chains .... 

Pressure resulting from water upon a pyramid • 
Do. upon one superficial foot 



63 superf. indL 
72 " 

14 feet 6 ind' 
16 " 6 ' 
976 tons. 
393 " 
306 lbs. 
1100 " 
2090 tons. 

14800 lbs. 

11000 " 

1371 tons 
184001bs." 



See KoUA., AppenSx^ 
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634. In establishing a line of internal communication (if any 
rnaracter, whether it be an ordinary road, railroad, or canal, the 
main considerations to which the attention of the ^Qgineer musi 
be directed in the outset are — 1, the probable character and 
amount of traffic over the line ; 2, the wants of the community 
in the neighborhood of the Une ; 3, the natural features of the 
country, between the points of arrival and departure^ as regards 
their adaptation to the proposed communication. 

As the last point alone comes exclusively within the province 
of the engineer's art, and within the limits prescribed to this work, 
attention will be confined solely to its consideration. 

635. Reconnaissance. A thorough e3caminat]on and study of 
the ground by the eye, termed a reconnaissance^ is an indis- 

Eensable preliminary to any more accurate and minute survey 
y instruments, to avoid loss of time, as by this more rapid ope- 
ration any ground unsuitable for the proposed line will be as cer- 
tainly detected by a person of some experience, as it could be by 
the slow process of an instrumental survey. Before however pro- 
ceeding to make a reconnaissance, a careful inspection of the 
general maps of that portion of the country through which the 
communication is to pass, will facilitate, and may considerably 
abridge, the labors of the engineer ; as from the natural features 
laid down upon them, particularly the direction of the water- 
courses, he will at once oe able to detect those points which will 
he favorable, or otherwise, to the general direction selected for 
the line. This will be sufficiently evident when it is considered 
— 1, that the water-courses are necessarily the lowest lines of 
the valleys through which they flow, and that their direction must 
also be that of the lines of greatest declivity of their respective 
valleys ; 2, that from the position of the water-courses the position 
also of the high grounds by which they are separated naturally 
follows, as well as the approximate position at least of the ridges, 
or highest lines of the high grounds, which separate their bpposite 
sloprs, and which are at the same time the lines of greatest de- 
clivity common to these slopes, as the water-courses are the cor 
responding lines of the slopes that fonn the valleys. 

Keeping these facts (which are susceptible of riffid mathemati 
tal demonstration) in view, it will be practicable, from a careful 
examination of an ordinary general map, if accurately cor structed. 
ML only to trace, with considerable accuracy, the general diren 
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tion of the ridges from having that of the water-courses, but also 
to detect those depressions in them which will be favorable to the 
passage of a communication intended to connect two main oi two 
secondary valleys. The following illustrations may serve to place 
this subject in a clearer aspect. 

]fy for example, it be found that on any portion of a map the 
water-courses seem to diverge from or converge towards one point, 
It w ill be evident that the ground in the first caee must be the 
common souri^ or supply of the water-courses, and therefore the 
highest ; and in the second case that it is the lowest, and forms 
their common recipient. 

Tf two water-courses flow in opposite directions from a common 
pomt, it will show that this is the point from which they derive 
their common supply, at the head of their respective valleys, and 
that it must be fed by the slopes of high grounds above this point ; 
or, in other words, tnat the valleys of the two water-courses are 
separated by a chain of high grounds, which, at the point where 
it crosses them, presents a depression in its ridge, which would 
be the natural position for a communication connecting the two 
valleys. 

If two water-courses flow in the same direction and parallel to 
each other, it will simply indicate a general inclination of the 
ridge between them, in the isame direction as that of the water- 
courses. The ridge, however, may present in its course eleva- 
tions and depressions, which will be indicated by the points in ' 
which the water-courses of the secondary valleys, on each side 
of it, intersect each other on it ; and these will be the lowest 
points at which lines of communication, through the secondary 
valleys, connecting the main water-courses, would cross the divi- 
ding ridge. 

If two water-courses flow in the same direction, and parallel 
to each other, and then at a certain point assume divergent direc- 
tions, it will indicate that this is the lowest point of the ridge be- 
tweeen them. 

If two water-courses flow m parallel but opposite directions, 
depressions m the ridge between them will be shown by the 
meeung of the water-courses of the secondary valleys on tlie 
ridge ; or by an approach towards each other, a any point, of 
the two principal water-courses. 

Furnished with the data obtained from the maps, the charactei 
of the ground should be carefully studied both ways by the en 
gineer, first from the point of departure to that of arrival, and then 
returning from the latter tc the former, as without this double 
craverse natural features of essential importance might escape 
be eye. 

636. Surveys. From the results of the reconnaissance, tht 
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engineer will be able to dfrect understandingly the requisite sur 
veySy which consist in measuring the lengths, de.*ermining the 
directions, and ascertaining both the longitudinal and cross levels 
of the different routes, or, as they are termed, t?^nl lines^ with 
sufficient accuracy to enable him to make a comparative estimate 
both of their practicability and cost. * As the expense of makinc 
the requisite surveys is usually but a small item compared wiui 
that of constructing the communication, no labor shoula be spared 
m running every practicable line, as otherwise natural features 
might be overlooked which might have an important influence on 
the cost of construction. 

637. Map and Memoir. The results of the surveys are ac- 
curately emoodied in a map exhibiting minutely the topographical 
features and sections of the different trial lines, and in a memoir 
which should contain a particular description of those features of 
the ground that cannot be «hown on a map, with all such infor- 
mation on other points that may be regarded as favorable, or 
otherwise, to the proposed communication ; as, for example, the 
nature of the soil, that of the water-courses met with, &c., &c. 

638. Location of common Roads. In selecting among the 
different trial-lines of the survey tlie one most suitable to a com- 
mon road, the engineer is less restricted, from the nature of the 
conveyance used, than in any other kind of communication. The 
main points to which his attention should be coniined are— -1, to 
connect the points of arrival and departure by the most direct, or 
shortest line ; 2, to avoid unnecessary ascents and descents, or, 
in other words, to reduce the ascents and descents to the smallest 
practicable limit ; 3, to adopt such suitable slopes, or gradients^ 
for the axisy or centre line of the road, as the nature of the con- 
veyance may demand ; 4, to give the axis such a position, with re- 
gard to the. surface of the^ ground and the natural obstacles to be 
overcome, that the cost of construction for the excavations and 
embankments required by the gradients, and for the bridges and 
other accessories, shall be reduced to the lowest amount. 

639. Deviations from the right line drawn on the map, between 
the points of arrival and departure, will be often demanded by the 
natural features of the ground. In passing the dividing ridges 
of main, or secondary valleys, for example, it will frequently be 
found more advantageous, both for the most suitable gradients, 
and to diminish the amount of excavation and embankment, tc 
cross tlie ridge at a lower point than the one in which it is inter- 
sected by the right line, deviating from the right line either 
towards the head, or upper part of the valley, or towards its out* 
let. according to the adVantages presented by the natural features 
of the ground, both for reducing the gradients and the airount of 
excavation and e.nbankment 
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Where the right h'ne intersects either a marsh, or wate:-coaf le 
it may be found less expensive to change the direction, avoiding 
tlie marsh, or intersecting the vrater-course at a point where the 
cost of construction of a bridge, or of the approaclies to it, wil 
be moie favorable than the one in which it is intersected by thf 
right hne. 

Changs from the direction of the right line may also be fa 
vorable tor the purpose of avoiding the intersection of secondary 
water-courses ; of gaining a better soil for the roadway ; of giv- 
ing a better exposure of its surface to the sun and wind ; or of 
procuring better materials for the road-covering. 

By a careful comparison of the advantages presented by these 
different features, ihe engineer will be enabled to decide how far 
the general direction of the right line may be departed from with 
advantage to the location. By choosing a more sinuous course the 
length of the line will often not be increased to any very consider 
able degree, while the cost of construction may be greatly re- 
duced, either in obtaining more favorable gradients, or in lessening 
the amount of excavation and embankment. 

640. When the points of arrival and departure are upon dif- 
ferent levels, as is usually the case, it will seldom be practicable 
to connect them by a continual ascent. The most that can be 
done will be to cross the dividing ridges at their lowest points, 
and to avoid, as far as practicable, the intersection of conaiaerable 
secondary valleys which might require any considerable ascent 
on one side and descent on the other. 

641. The gradients upon common roads will depend upon the 
kind of material used for the road-covering, and upon the state 
in which the road-surface is kept. The gradient in all cases 
should be less than the angle of repose^ or of that inclination of 
the axis of the road in which the ordinary vehicles for transporta 
tion would remain at a state of rest, or, if placed in motion, would 
descend by the action of gravity with uniform velocity. 

The gradients corresponding to the angle of repose have been 
ascertained by experiments made upon the various road-coverings 
in ordinary use, by allowing a vehicle to descend along a road 
of variable inclination until it was brought to a state of rest by 
the retarding force of friction ; also, by ascertaining the amount of 
force, termed the force oftractioriy requisite to put in motion a 
vehicle with a given load on a level road. 

The following are the results of experiments made by Mr 
Macneilly in England, to determine the lorce of traction for one 
ton upon level roads. 
Mo. 1. Good pavement, the force of traction is . 33 Iba 

*' 2. Broken stone surface laid on on old flint road 65 '* 

" 8. Gravel road 147 •^ 
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No. 4. Broken-stone surface on a rough pave nent 

bottom 16 lbs. 

** 6. Broken-stone surface on a bottom of beton . 46 " 

From this it appears that the angle of repose in the iirst case 
IS represented by Tlfir> or jj nearly; and that the slope of 
the road should therefore not be greater than one perpendicular 
to sixty-eight in length ; or that the height to be overcome must 
not be greater than one sixty-eighth of the distance between the 
two points measured along the road, in order that the force of 
friction may counteract that of gravity in the direction of the 
mad. 

A similar calculation will show that the angle of repose in the 
other cases will be as follows : 

No. 2 1 to . .35 nearly. 

*' 3, . . . . 1 to . . 15 " 

" 4 and 5, . . . 1 to . . . 49 " 

These numbers, which give the angle of repose between ^j 
and jV fo^ ^he kinds of road-covering Nos. 2 and 4 in most or- 
dinary use, and corresponding to a road-surface in good order 
may be somewhat increased, to from Vt to ^\y for the ordinary 
state of the surface of a well-kept road, without there being any 
necessity for applying a brake to the wheels in descending, or 
going out of a trot ir ascending. The steepest gradient that can 
be allowed on roads with a broken-stone covering is about ^Vy ^^ 
this, from experience, is found to be about the angle of repose 
upon roads of this character in the state in which they are usually 
kept. Upon a road with this inclination, a horse can draw at a 
walk his usual load for a level without requiring the assistance 
of an extra horse ; and experience has farther shown that a horse 
at the usual walking pace will attain, with less apparent fatigue, 
tlie summit of a gradient of ^\ in nearly the same time that he 
would require to reach the same point on a trot over a gradient 

of ?V- 

A road on a dead level, or one with a continued and uniform 

dscent between tlie points of arrival and departure, where they lie 

upon different levels, is not the most favorable to the draft of the 

horse. Each of these seems to fatigue him more than a line of 

alternate ascents and descents of slight gradients ; as, for exam- 

|)ie, gradients of y^^, upon which a horse will draw as heavy a 
oad with the same speed as upon a horizontal road. 

The gradients should in all cs^es be reduced as far as prac- 
ticable, as the extra exertion that a horse must put forth in over- 
coming heavy gradients is very considerable ; they should as a 
jrcneral rule, therefore, be kept as low at least as g'^, wherever 
tlie ground will admit of it. This can generally be effected, even 
iu ascendmg sleep hill-sides, by giving tlie axis of the road a adg- 

86 
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zag direction, connecting the straight portions of the zigzags bj 
rirculai arcs. Tlie grad ents of the curved portions of the zig* 
zags should be rec uced, and the roadway also at these points be 
widened, for the safety of vehicles descending rapidly. The 
width of the road^vay may be increased about one fourth, when 
the angle between the straight portions of the zigzags iS from 
120® to 90° ; and the increase should be nearly one half where 
the angle is from QO*" to 60°. 

642. Having laid down upon the map the approximate location 
of the axis of the road, a comparison can then oe made between 
the solid contents of the excavations and embankments, which 
should be so adjusted that Jhey shall balance each otlier, or, in 
other words, the necessary excavations shall furnish sufficient 
earth to form the embankments. To effect this, it will frequently 
be necessary to alter the first location, by shifting the position of 
the axis to the right or left of tlie position first assumed, and alsc 
by changing the gradients within the prescribed limits. This 
is a problem of very considerable intricacy, whose solution can 
only be arrived at by successive approximations. For this pur 
pose, the line must be subdivided into several portions, in each 
of which the equalization should be attempted independently of 
the rest, instead of tr}nng a general equalization for the whole 
line at once. 

In the calculations of solid contents required in balancmg ihe 
excavations and embankments, the most accurate method consists 
in subdividing the different solids into others of the most simple 
geometrical forms, as prisms, prismoids, wedges, and pyramids, 
whose solidities are readily determined by the ordinary rules for 
the mensuration of solids. As this process, however, is frequently 
long and tedious, other methods requiring less time but not so 
accurate, are generally preferred, as their results give an approx- 
imation sufficiently near the true for most practical purposesL 
They consist in taking a number of equidistant profiles, and cal- 
culating the solid contents between each pair, either by multiply* 
ing the half sum of their areas by the distance between them, or 
else by taking the profile at the middle point between each pair, 
and multiplying its area by the same length as before. Tho 
latter method is the more expeditious ; it gives less than the true 
solid contents, but a nearer approximation than the former, which 
gives more than the true solid contents, whatever may be the 
form of the ground between each pair of cross profiles. 

In calculating the solid contents, allowance must be made for 
the difference in bulk between the different kinds of earth when 
occupying their natural bed and when made into embankment 
From some careful experiments on this point made by Mr. Elwood 
Morris, a civil ei gineer, and published in tb Franklin Journal 
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t appeals that light sindy earth occupies the same space both in 
excavation and embankment ; clayey eartli about one tenth less 
in embankment than in its natural bed ; gravelly eartli also about 
one twelfth less; rock in larce fragments about five twelfths 
more, and in small fragments about six tenths more. 

643. Another problem connected with the one in question, is 
that of determining the lead, or the mean distance to which the 
earth taken from the excavations must be carried to form the 
embankments. From the manner in which the earth is usually 
transported from the one to the other, this distance is usually that 
between the centie of gravity of the solid of excavation and 
that of its corresponding embankment. Whatever disposition 
may be made of the solids of excavation, it is important, so far 
as the cost of tlieir removal is concerned, that the lead should be 
the least possible. The solution of the problem under this point 
of view will frequently be extremely intricate, and demand the 
application of all the resources of the higher analysis. One gen- 
eral principle however is to be observed in all cases, in order to 
obtain an approximate solution, which is, that in the removal of 
the different portions of the solid of excavation to their corre- 
sponding positions on that of the embankment, the paths passed 
over by their respective centres of gravity shall not cross each 
other either in a horizontal, or vertical direction. This may in 
most cases be effected by intersecting the solids of excavation 
and embankment by vertical planes in the direction of the re- 
moval, and by removing the partial solids between the planes 
within the boundaries marked out by them. 

644. The definitive location having been settled by again going 
over the line, and comparing the features of the ground with the 
results furnished by the preceding operations, general and de- 
tailed maps of the different divisions of the definitive location are 
prepared, which should give, with the utmost accuracy, v|the lon- 
gitudinal and cross sections of the natural ground, and of the ex- 
cavations and embankments with the horizontal and vertical 
measurements carefully written upon them, so that the superin- 
tending engineer may have no difficulty in setting out the work 
from them on the ground. 

In addition to these maps, which are mainly intended to guide 
the engineer in regulating the earth-work, detailed drawings of the 
road-covering, of the masonry and carpentry of the bridges, cul- 
verts, &c., accompanied by written specifications of the manner 
in which the various kind of work is to be performed, should be 
prepared for the guidance both of the engineer and workmen. 

^5. With the data furnished by the maps and drawings, the 
engineer can proceed to set out the line on the ground. The 
of the road is determined by placing stofit stakes, or picketi^ 
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at equal intervals apart, which are nurrij^rcd to correspond win 
the same points on the map. The width of the roadway and the 
lines on the ground corresponding to the side slopes of the exca- 
vations and embankments, are laid out in the same manner, by 
stakes placed along the lines of the cross profiles. 

Besides the numbers marked on the stakes, to indicate theii 
position on the map, other numbers, showing the depth of the 
excavations, or the height of the embankments from the surface 
of the ground, accompanied by the letters Cut, Fill, to indicate a 
cutting, or di filling, as the case may be, are also added to guide 
the workmen in their operations. The positions of the stakes on 
the ground, which show the principal points of the axis of the 
road, should, moreover, be laid down on the map with great ac- 
curacy, by ascertaining their bearings and distances from any fixed 
and marked objects in their vicinity, in order that the points may 
be readily found should the stakes be subsequently misplaced. 

646. Earth-work. This term is applied to whatever relates to 
the construction of the excavations and embankments, to prepare 
them for receiving the road-covering. 

647. In forming the excavations, the inclination of the side 
slopes demands pecuUar attention. This inclination will depend 
on the nature ot the soil, and the action of the atmosphere and 
internal moisture upon it. In common soils, as ordinary garden 
earth formed of a mixture of clay and sand, compact clay, and 
compact stony soils, although the side slopes would withstand 
very well the effects of the weather with a greater inclination, it 
is best to give them two base to one perpendicular ; as the sur- 
face of the roadway will, by this arrangement, be well exposed 
to the action of the sun and air, which will cause a rapid evapo- 
ration of the moisture on the surface. Pure sand and gravel may 
require a greater slope, according to circumstances, in all cases 
where the depth of the excavation is great the base of the slope 
should be increased. It is not usual to use any artificial means 
to protect the surface of the side slopes from the action of the 
weather ; but it is a precaution which, in the end, will save much 
labor and expense in keeping the roadway in good order. The 
simplest means which can be used for this purpose, consist in cov- 
ering the slopes witli good sods, (Fig. 149,) or else with a layer 

Fi^. 149— Cross section o# m n»d 
in excavation. 

A, road-surface. 

B, side slopes. 

C, top surface-drain. 

of vegetable mould about four inches thick, carefully laid and 
sown with grass seed. These means will be amply sufiicient lo 
piotect the side slopes from injury when they are not exposed tr 
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ui} other causes of deterioration than the wash of the ruin, and 
Jie action of frost on the ordinary moisture retained by the soil. 

The side slopes form usually an unbroken surface from the 
foot to the top. But in deep excavations, and particularly in soils 
liable to slips, they are sometimes formed with horizontal offsets, 
termed benches^ which are made a few feet wide and have a ditch 
on tlie inner side to receive the surface-water from the portion of 
the side slope above them. These benches catch and retain the 
earth that may fall from the portion of the side slope above. 

When the side slopes are not protected, it will be well, in lo- 
calities where stone is plenty, to raise a small wall of dry stone 
at the foot of the slopes, to prevent tlie wash of the slopes from 
being carried into the roadway. 

A covering of brush wood, or a thatch of straw, may also be 
used with good effect ; but, from their perishable nature, they 
will require frequent renewal and repairs. 

In excavations through solid rock, which does not disintegrate 
on exposure to the atmosphere, the side slopes might be made 
peipendicular ; but as this would exclude, in a great deffree, the 
action of the sun and air, which is essential to keeping the road- 
surface dry and in good order, it will be necessary to make the 
side slopes with an inclination, varying from one base to one 
perpendicular, to one base to two perpendicular, or even greater, 
according to the locality; the inclination of the slope on the 
south side in northern latitudes being greatest, to expose better 
the road-surface to the sun's rays. 

The slaty rocks generally decompose rapidly on the surface, 
when exposed to moisture and the action of frost. The side 
slopes in rocks of this character maybe cut into steps, (Fig. 150,) 




and then be covered by a layer of vegetable mould sown in grass 
seed, or else the earth may be sodded in the usual way. 

648. The stratified soils and rocks, in which the strata have a 
dtpy or inclinatioN to tlie horizon, are liable to slipSj or to give 
way b]r one stratum becoming detached and sliding on another 
which is caused either from the action of frost, or from the pres- 
sure of water, which insinuates itself between the strata. The worst 
^oils of tliis character are those formed of alternate strata of cla^ 
4Uid sand ; particularly if the clay is of a nature to become semi* 
fluid ^hen mixed with water. The best preventives ihat can h% 
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reported to in these cases, are to adopt a thorough system of 
drainage, to prevent the surface-water of the ground from run 
ning down Ine side slopes, and to cut off all springs which rur 
towards the roadway from the side slopes. The surface-watei 
may be cut off by means of a single ditch (Fiff. 149) made os 
the up-hill side of the road, to catch the water before it reaches 
the slope of the excavation, and convey it off to the natural 
water-courses most convenient ; as, in almost evetry case, it wiF 
be found that the side slope on the down-hill side is, compara 
lively speaking, but slightly affected By the surface-water. 

Where slips occur from the action of springs, it frequently 
becomes a very difficult task to secure the side slopes. If the 
sources can be easily reached by excavating into the side slopes, 
drains formed of layers of fascines, or brush-wood, may be placed 
to give an outlet to the water, and prevent its action upon the 
side slopes. The fascines may be covered on top with good 
nods laid with the ffrass, side beneath, and the excavation made 
to place the drain oe filled in with good earth well rammed. 
I)rains formed of broken stone, covered in like manner on top 
with a layer of sod to prevent the drain from becoming choked 
with earth, may be used under the same circumstances as fascine 
drains. Where the sources are not isolated, and the whole mass 
of the soil forming the side slopes appears saturated, the drainage 
may be effected by excavating trenches a few feet wide at inter- 
vals to the depth of S9me feet into the side slopes, and filling 
them with broken stone, or else a general drain of broken stone 
may be made throughout the whole extent of the side slope by 
excavating into it. When this is deemed necessary, it will be 
well to arrange the drain Uke an inclined retainin^-wall, with 
buttresses at intervals projecting into the earth, farther tlian the 
general mass of the drain. The front face of the drain should, in 
this case, also be covered with a layer of sods with the grass side 
beneath, and upon this a layer of good earth should be compactly 
laid to form the face of the side slopes. The drain need only be 
carried high enough above the foot of the side slope to tap all the 
sources ; and it should be sunk sufficiently below the roadway- 
surface to give it a secure footing. 

The drainage has been effected, in some cases, by sinkmg 
wells or shafts at some distance behind the side slopes, from the 
top surface to the level of the bottom of the excavation, and lead- 
ing the water which collects in them by pipes into drains at llie 
foot of the side slopes. In others a narrow trench has been ex« 
cavated, parallel to the axis of the road, from the top surface to 
a sufficient depth to tap all the sources which flow towards the 
side slope, and a drain formed either by filling the trench wholly 
with broken stone, or else by arranging an cpen conduit at the 
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DOitoin to receive the water collected, over which a layer of 
brubhtvood is laid, the remainder of the trench being filled with 
broken stone. 

In some recent instances in England, the side slopes of very 
bud soils have been secured by a facing of brick arranged in a 
manner very similar to the method resorted to for securing the 
perpendicular sides of narrow deep trenches by a limber-facing. 
The plan pursued is to place, at intervals along the excavation, 
strong buttresses of brick on each side, opposite to each other, 
and to connect them at bottom by a reversed arch. Between 
these buttresses are placed, at suitable heights, one or more brick 
beams, formed at bottom with a flat segment arch, and at top 
with a like inverted arch. The buttresses, secured in this way, 
serve as piers for vertical cylindrical arches, which form the 
facing and support the pressure of tlie earth between the but- 
tresses. 

649. In forming the embankments, (Fig. 151,) the side slopes 




should be made with a less inclination than that which the earth 
naturally assumes ; for the purpose of giving them greater dura- 
bility, and to prevent the width of ihe top surface, along which 
the roadway is made, from diminishing by every change in the 
side slopes, as it would were they made with the natural slope 
To protect the side slopes more effectually, they should be sod , 
ded, or sown in grass seed ; and the surface-water of the lop 
should not be allowed to run down them, as it would soon wasn 
them into gullies, and destroy the embankment. In localities 
where stone is plenty, a sustaining wall of dry stone may be ad- 
vantageously substituted for the side slopes. 

To prevent, as far as possible, the setthng which lakes place 
in embankments, they should be formed with gieat care ; the 
earth being laid in successive layers of about four feet in thick- 
ness, and each layer well settled with rammers. As this metliod 
is very expensive, it is seldom resorted to except in works which 
require great care, and are of trifling extent. For extensive 
works, the method usually followed on account of economy, is 
to embank out from one end, ::arrying forwaid the work on a 
level with the top surface. In this case, as there must be a want 
of compactness in the mass, it would be best to form the outsides 
of the embankment first, and to gradually fill in towards tlie cen- 
tre, in order that the earth may arrange itself in layers with a ^"^ip 
from the sides inwards : this will in a great measuie counteract 
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tny tendency to slips outward. The fooi ..f tlie slopes shimU 
be secured by biutreBsing them either by a low stone wall, « 
by forming a slight excaFation for the same puipose. 

650. When the axis of the roadway is laicf out on the side 
slope of a hill, and the road-surface is formed partly by excava- 
ting and partly by embanking out, the usual and most simple 
method is to extend out the embankment gradually along the 
whole line of excavation. This method is insecure, and no paint 
therefore should be spared to give the embankment a good foot- 
ing on the natural surface upon which it rests, particularly at the 
foot of the slope. For this purpose the natureJ surface (Fig. 152) 




<hould be cut into steps, or offsets, and the foot of the slope be 
secured by buttressing it against a low stone wall, or a small 
terrace of carefully rammed earth. 

In side-formings along a natural surface of great inclination, 
the method of construction just explained will not be sufficiently 
secure ; susiainiiig- walls must be substituted for the side slopes, 
both of the excavations and embankments. These wails may be 
made simply of dry stone, when the stone can be procured in 
blocks of sufficient size to render this kind of construction of 
sufficient stability to resist the pressure of the earth. But 
when the blocks of stone do not offer this security, they must 
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M laid in mortar, (Fig. 153,} and hydraulir mortar u the oalv 
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Kind which will form a safe construction. The wall which sup 
plies the slope of the excavation should be carried up as high as 
the natural surface of the ground ; the one that sustains the emr 
kinkment should be built up to the surface of the roadway ; and 
a parapet-wall should be raised upon it, to secure vehicles {row 
accidents in deviating from the line of the roadway. 

A road may be constructed partly in excavation and partly in 
embankment along a rocky ledge, by blasting the rock, when llie 
inclination of the natural surface is not greater than one perpen- 
dicular to two base ; but with a greater inclination than tliis, the 
whole should be in excavation. 

661, There are examples of road constructions, i; localities 
like the last, supported on a frame-work, consisting of horizontal 
pieces, which are firmly fixed at one end by being let into holes 
driUed in the rock, and are sustained at the other by an inclined 
ftnit underneath, which rests against the rock in a shoulder 
formed to receive it. 

652. When the excavations do not furnish sufficient earth for 
the embankments, it is obtained from excavations, termed side- 
cuttingSj made some place in the vicinity of the embankment, 
from which tlie earth can be obtained with the most economy. 

If the excavations furnish more earth than is required for the 
ezribankment, it is deposited in what is termed spoiUbank^ on the 
, side of the excavation. The spoil-bank should be made at some 
distance back from the side slope of the excavation, and on the 
iown-hil) side of the top surface ; and suitable drains should bf 
arranged to carry off any water that might collect near it and af 
feet the side slope of the excavation. 

The fonns to be given to side-cuttings and spoil-banks wili 
depend, in a great decree, upon th6 locality : they should, as fai 
as practicable, be such that the cost of removal oi the earth shal^ 
De east possible 

653. Drainage, A system of thorough drainage, by whicn 
.lie water that filters through the ground will be cut off from the 
•oil beneath tiie roadway, to a depth of at least three feet below 
ie bottom of the road-covering, and by which that which falls 
apon the surface will be speedily conveyed off, before it can filter 
through the road-covering, is essential to the good condition of a 
road. 

The surface-water is conveyed off by giving the surface of the 
roadway a slight transverse convexity, irora the middle to the 
sided, where the water is received into the gutters, or side chatt" 
nelSf f7om which it is conveyed by underground aqueducts, termed 
culverts, built of stone or brick and usually arched at top, mto 
he main drains that communicate with the natural water-coumes. 
This convexity is regulated by making the figure of the profile 
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an ellipse, of which the semi-transverse axis is 15 feet, and tbs 
semi conjugate axis 9 inches ; thus placing the middle of the 
roadway nine inches above the bottom of the side channels. Thii 
Convexity, which is as great as should be given, will not be suffi 
cient in a flat country to keep the road-surface dry ; and in such 
localities, if a slight longitudinal slope cannot be given to the 
road, it should be raised, when practicable, three or four feet 
above the general level ; both on account of conveying oflf speedily 
the surface-water, and exposing the surface better to the action 
of the wind. 

To drain the soil beneath the roadway m a level country, 
ditches, termed open side drains^ (Fig. 154,) are made paiallel 




Fig. 154-- CroM section of broken-stone road-oorering. 

A, road-fiurface. 

B, ride channels. 

C, footpath. 

D, covered drains, or culverts, leading from ride channels to the ride drains fc. 

to the road, and at some feet from it on each side. The bottom 
of the side drains should be at least three feet below the road* 
covering ; their size will depend on the nature of the soil to be 
drained. In a cultivated country the side drains should be on the 
field side of the fences. 

As open drains would be soon filled along the parts of a road 
in excavation, by the washings from the side slopes, covered 
drains, built either of brick or stone, must be suostituted for 
ihem. These drains (Fig. 165) consist simply of a flooring of 



Fig. 15&— CrosB section of a covered dram. 
A, drain. 

a, a, ride walls. 

b, top stones. 

Ct tx>ttom stones. 

a, broken stone or large gravel laid over fafiMh 



flagging stone, or of brick, with two side walls of rubble, or brfck 
masonry, which support a top covering of flat stones, or of brick, 
with open joints, of about half an inch, to give a free passage 
way to tlie water into the drain. The top is covered with a layer 
oi Ktraw or brushwood ; and clean gravel, or broken stone, in 
•mall fragments, is laid over this, for the purpose of allowing tbt 
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water to filter freely through to the drain, witliout cairying with it 
any earth or sedimenti which might in time accumulate and choke 
it. The width and height of covered dra^«8 will depend on the 
materials of which they are built, and tlie quantity of water to 
which they yield a passage. 

Besides tne longitudinal covered drains in cuttings, other drains 
are made under the roadway which, from their form, are termed 
cross mitre drains. .Their plan is in shape like the letter V, the 
angular point being at the centre of the road, and pointing in the 
direction of its ascent. The angle should be so regulated that 
the bottom of the drain shall not have a greater slope along either 
of Its branches, than one perpendicular to one hundred base, to pre- 
serve the masonry from damage by the current The construc- 
tion of mitre drains is the same as the covered longitudinal drains. 
They should be placed at intervals of about 60 yards from each 
other 

In some cases surface drains, termed catch-water drains^ ar 
made on the side slopes of cuttings. They are run up obliquely 
ilong the surface, and empty directly into the cross drains which 
convey the water into the natural water-courses. 

When the roadway is in side-forming, cross drains of the or- 
dinary form of culverts are made, to convpy the water from the 
side channels and the covered drains into the natural water* 
courses. They should be of sufficient dimensions to convey off 
a large volume of water, and to admit a man to pass through 
them so that they may be readily cleared out, or even repaired, 
without breaking up the roadway over them. 

The only drains required for embankments are the ordinary 
side channels of the roadway, with occasional culverts, to convey 
die water from them into the natural water-courses. Great care 
should be taken to prevent the surface-water from running down 
the side slopes, as they would soon be washed into gullies by it. 

Very wet and marshy soils require to be thoroughly drained 
before the roadway can be made with safety. The best system 
that can be followed in such cases, is to cut a wide and deep open 
main-drain on each side of the road, to convey the water to the 
natural water-courses. Covered cross drains should be made at 
frequent intervals, to drain the soil under the roadway. They 
should be sunk as low as will admit of the water running from 
them into the main drains, by giving a slight slope to the bottom 
each way from the centre of the road to facilitate its flow 

Independently of the drainage for marshy soils, they will re- 
quire, when the subsoil is of a spongy, elastic nature, an artificial 
bed for the road-cov'ring. This bed may, in some cases, be 
formed by simply removing the upper stratum to a depth of sev- 
feet, and supplying its place with well-pa^'ked gravel, or any 
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soil of a firm character. In other cases, when the subso 1 yieldi 
readily to the ordinary pressure that the road -surface must bear, 
a bed of brushwood, from 9 to 19 inches in thickness, must be 
formed to receive the soil on which the road-covering is to rest 
The brushwood should be carefully selected from the long straight 
slender shoots of the branches or undergrowth, and be tied up in 
bundles, termed fascines^ from 9 to 12 inches in diameter, and 
from 10 to 20 feet long. The fascines are laid in alternate layers 
crosswise and lengthwise, and the layers are either connected by 
pickets, or else the withes, with which the fascines are bound, 
are cut to allow the brushwood to fonn a uniform and compact 
bed. 

This method of securing a good bed for structures on a weak 
wet soil has been long practised in Holland, and experience has 
fully tested its excellence. 

654. Road'coverings. The object of a road-covering being 
to diminish the resistances arising from collision and friction, 
and thereby to reduce the force of traction to the least prac- 
ticable amount, it should be composed of hard and durable ma- 
terials, laid on a firm foundation, and present a uniform even 
surface. 

The material in ordinary use for road-coverings is stone, eithei 
in the shape of blocks of a regular form, or of large round peb« 
bles, termed a pavement ; or broken into smalt angular masses ; 
or in the form of gravel. 

655. Pavements, The pavements in most general use in our 
country are constructed of rounded pebbles, known as paving 
stones^ varying from 3 to 8 inches in diameter, which are set in a 
form, or bed of clean sand or gravel, a foot or two in thickness, 
which is laid upon the natural soil excavated to receive the form. 
The largest stones are placed in the centre of the roadway. The 
stones are carefully set in the form, in close contact with each 
other, and are then firmly settled by a heavy rammer until tlieir 
tops are even with the general surface of the roadway, which 
should be of a slightly convex shape, having a slope of about ^\ 
from the centre each way to the sides. After tlie stones are 
driven, the road-surface is covered with a layer of clean sand, or 
fine gravel, two or three inches in thickness, which is gradually 
worked in between the stones by the combined action of the 
travel over the pavement and of the weather 

The defects of pebble pavements are obvious, and confirmed 
by experience. Tne form of sand or gravel, as usually made, is 
not sufficiently firm ; it should be made in separate layers of 
about 4 inches, each layer being moistened and well settled eithei 
by ramming, or passing a heavy roller over it. Upon the forni 
prepared in this way a layer of loose material of two or thret 
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ndiea in thickness may be placed, to rect ve the ends of the 
paving stones. From the form of the pebbles, the resistance to 
traction arising from coUision and friction is very great. 

Pavements termed stane trat^ways have been tried in some ;f 
the cities of Europe, both for light and heavy traffic. They are 
formed by laying two lines of long stone blocks for the wheels to 
run on, with a pavement of pebble for the horse-track between 
the wheel-tracks. In crowded thoroughfares tramways offer but 
few if any advantages, as it is impracticable to confine the vehicles 
to them, and when exposed to neavy traffic they wear into ruts. 
The stone blocks should be carefully laid on a very firm bottoming, 
and particular attention is requisite to prevent ruts from forming 
between the blocks and the pebble pavement. 

Stone suitable for pavements should be hard and tough, and 
not wear smooth under the action to which it is exposed. Some 
varieties of granite have been found in England to furnish the 
best paving blocks. In France, a very fine-ffrained compact gray 
sandstone of a bluish cast is mostly in use for the same purpose, 
but it wears quite smooth. 

The sand used for forms shoi: Id be clean and free from peb- 
bles and gravel of a larger grain than about two tenths of an inch. 
The form should be made by moistening the sand, and com- 
pressing it in layers of about four inches in thickness, either by 
ramming, or by passing over each layer several times a heavy 
iron roller. Upon the top layer about an inch of loose sand may 
be spread to receive the blocks ; the joints between which, after 
they are placed, should be carefully filled with sand. 

The sand form, when carefully made, presents a very firm and 
•table foundation for the pavement. 

Wooden pavements, termed of blocks of wood of various 
shapes, have been tried in England and several of our cities 
within the last few years, but are now for the most part aban- 
doned, as the material has been found to decay very rapidly. 
even when prepared with some of the preservatives of timber 
against the rot. 

Asphaltic pavements have undergone a like trial, and have also 
been found to fail after a few years service. This material is 
faurther objectionable as a pavement in cities where the pave- 
ments and sidewalks have frequently to be disturbed for the 
purposes of repairing, or laying down sewers, water-pipes, and 
other necessary conveniences for a city. 

The best system of pavement is that which has been partially 
DUt in practice in some of the commercial cities of England, the 
•clea of which seems to have been taken from the excellent mili 
tary roads of the Romans, vestiges f which remain at the preseni 
day in a good state. 
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In constructing this pavement, a bed (Fig. Ic6) is 6r8t pre 
pared, by removing the surface of the soil to the de}ith of a foo 
or more, to obtain a firm stratum ; the surface of this bed re 
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Fig. 156— Pavod road-oovering. 

A, pavement. 
C, curb-fitone. 

B, flaggiog of side-walk. 

ceives a very slight convexity, of about two inches to ten feet, 
from the centre to the sides of the roadvi^ay. If the soil is of a 
soft clayey nature, into which small fragments of broken stone 
would oe easily worked by the wheels of vehicles, it should be 
excavated a foot or two deeper to receive a form of sand, or of 
clean fine gravel. On the surface of the bed thus prepared, a 
layer of small broken stone, four inches thick, is laid ; the di- 
mensions of these fragments should not be greater than two and 
a half inches in any direction ; the road is then opened to vehicles 
until this first layer becomes perfectly compact ; care being taken 
lo fill up any nits with fresh stone, in order to obtain a uniform 
surface. A second layer of stone, of the same thickness as the 
first, is then laid on, and treated in the same manner ; and finally 
a third layer. When the third layer has become perfectly com- 
pact, and is of a uniform surface, a layer of fine clean gravel, 
two and a half inches thick, is spread evenly over it to receive 
the paving stones. The blocks of stone are of a square shape, 
and of different sizes, according to the nature of the travelling 
over the pavement. The largest size are ten inches thick, nine 
inches broad, and twelve inches long ; the smallest are six inches 
thick, five inches broad, and ten inches Ions. Each block is 
carefully settled in the form, by means of a heavy beetle ; it is 
then removed in order to cover the side of the one against which 
it is to rest vnth hydraulic mortar ; this being done, the block is 
replaced, and properly adjusted. The blocks of the difilerent 
courses across the roadway should break joints. The surface of 
the road is convex ; the convexity being determined by making 
the outer edges six inches lower than the middle, for a width oi 
thirty feet. 

This system of pavement fulfils in the best manner all the re- 
quisites of a good road-covering, presenting a hard even surface 
to the action of the wheels, and reposing on a firm bed formed 
by the broken-stone bottoming. The mortar-joints, so long as 
they remain tight, will effectually prevent the penetration of watei 
beneath the pavement; but it is probable, fiom the effect of the 
tnuisit of heavily-laden vehicles, and from the expansion and 



contraction of the stone, which in our climate is found to be ^ei^ 
eonaiderable, tliat the mortar would soon be crushed and washed 
out. 

In France, and in many of the large cities of the continent, the 
pavements are made with blocks of rough stone of a cubical form 
measuring between eight and nine inches along the edj^e of the 
cube. These are laid on a form of sand of only a few inches thick 
when the soil beneath is firm ; but in bad soils the thickness is 
increased to from six to twelve inches. The transversal joints 
are usually continuous, and those in the direction of the axis of 
the road break joints. In some cases the blocks are so laid that 
the joints make an angle of 45^ with the axis of the roadway, one 
set being continuous, the other breaking joints with them. By 
this arrangement of the joints, it is said that the wear upon the 
edges of tlie blocks, by which the upper surface soon assumes a 
convex shape, is diminished. It has been ascertained by expe- 
rience, that the wear upon the edges of the blocks is greatest at 
the joints which run ^transversely to the axis when the blocks are 
laid in the usual manner. From the experiments of M. Morin, to 
ascertain the influence of the shape of stone blocks on the force 
of traction, it was found that the resistance offered by a pavement 
of blocks averaging from five to six inches in breadth, measured 
in the direction of the axis of the roadway, and about nine inches 
in length, was less than in one of cubical blocks of the ordinary 
size. 

Pavements in cities must be accompanied by sidewalks, and 
cro6sing-places, for foot-passengers. The sidewalks are made 
of large flat flagging-stone, at least two inches thick, laid on a 
form of clean gravel well rammed and settled. The width of 
the sidewalks will depend on the street being more or less fre 
quented by a crowd. It would, in all cases, be well to have them 
at least twelve feet wide ; they receive a slope, or pitch, of one 
inch to ten feet, towards the pavement, to convey the surface- 
water to the side channels. Tne pavement is separated from the 
sidewalk by a row of long slabs set on their edges, termed curb* 
stones, which confine both the flagging and paving stones. The 
curb-stones fonn the sides of the side channels, and should fol 
this purpose project six inches above the outside paving stones, 
and be sunk at least four inches below their top surface ; they 
should, moreover, be flush with the upper surface of the side* 
walks, to allow the water to run over into the side channels, and 
to prevent accidents which might otherwise happen from theii 
tripping persons passing in haste. 

The crossings should be 5rom four to six feet wide, and be 
•tightly raised above the general surface of the pavement, to keep 
tbam free ixom mud. 
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65^. Broken-stone road-covering. The ordinary ro»jl«oof6i 
jng for common roads, in use in this country and Europe, ii 
formed of a coating of stone broken into small fragments, which 
is laid either upon the natural soil, or upon a paved bottoming 
of small irregular blocks of stone. In England these two systems 
have their respective partisans ; the one claiming the superiority 
for road-coverings of stone broken into small fragments, a method 
brought into vogue some years since by Mr. McAdam, from whom 
these roads have been termed macadamized ; the other being the 
plan pursued by Mr. Telford in the great national roads con- 
structed in Great Britain within about the same period. 

The subject of road-making has within the last few years ex« 
cited renewed interest and discussion among engineers in France ; 
the conclusion, drawn from experience, there generally adopted 
is, that a covering alone of stone broken into small fragments is 
sufficient under the heaviest traffic and most frequented roads. 
Some of the French engineers recommend, in very yielding 
clayey soils, that either a paved bottoming after Telford's method 
be resorted to, or that the soil be well compressed at the surface 
before placing the road-covering. 

The paved bottom road-covering on Telford's plan (Fig. 155) 
IB formed by excavating the surface of the ground to a suitable 
depth, and preparing the form for the pavement with the precau- 
tions as for a common pavement. Blocks of stone of an irregu- 
lar pyramidal shape are selected for the pavement, which, for a 
roaaway 30 feet in width, should be seven inches thick for the 
centre of the road, and three inches thick at the sides. The base 
of each block should not measure more than five inches, and the 
top not less than four inches. 

The blocks are set by the hand, with great care, as closely in 
contact at their bases as practicable ; and blocks of a suitable 
size are selected to give the surface of the ^vement a slightly 
convex shape from the centre outwards. The spaces between 
the blocks are filled with chippings of stone compactly set with 
\ small hammer. 

A layer of broken stone, four inches thick, is laid over thi? 

1 lavement, for a width of nine feet on each side of the centre ; no 
ragment of this layer should measure over two and a half inches 
in any direction. A layer of broken stone of smaller dimensions, 
or of clean coarse gravel, is spread over the wings to the same 
lepth as the centre layer. 

The road-covering, thus prepared, is thrown open to vehicles 
until the upper layer has become perfectly compact ; care having 
been taken to fill in the ruts with fresh stone, in order to obtain 
a uniform surface. A second layer, about iwo inches in depth 
Is then laid over the centre of the roadway ; and the wings c« 
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eeire also a layer of new material laid on to a sufficient tnickness 
to make the outside of the roadway nine inches lower than the 
centre, by giving a slight convexity to the surface from the centre 
outwards. A coating of clean coarse gravel, one inch and a half 
thick, termed a binding, is spread over the surface, and the road« 
covering is then ready to be tlirown open to travelling. 

The stone used for the pavement may be of an inferior quality, 
m hardness and strength, to that placed at the surface, as it is bm 
little exposed to the wear and tear occasioned by travelling. The 
surface-stone should be of the hardest kind that can be procured 
The gravel binding is laid over the surface to facilitate the trav- 
elling, whilst the under stratum of stone is still loose ; it is, how- 
ever, hurtful, as, by working in between the broken stones, it 
prevents them from setting as compactly as they would otherwise 
do. 

If the roadway cannot be paved the entire width, it should, 
it least, receive a pavement for the width of nine feet on each 
side of tiie centre. The wings, in this case, may be formed 
entirely of clean gravel, or of chippings of stone. 

For roads which are not much travelled, like the ordinary cross 
roads of tlie country, the pavement will not demand so much 
care ; but may be made of any stone at hand, broken into frag- 
ments of sueh dimensions that no stone shall weigh over four 
pounds. The surface-coating may be formed in the manner just 
described. 

657. In forming a road-covering of broken stone alone, the 
bed for the covering is arranged in the same manner as for the 
paved bottoming : a layer of the stone, four inches in thickness, 
is carefully spread over the bed, and the road is thrown open to 
vehicles, care being taken to fill the ruts, and preserve the sur- 
face in a uniform state until the layer has become compact; 
successive layers are laid on and treated in the same manner as 
the first, until the covering has received a thickness of about 
twelve inches in the centre, with the ordinary convexity at the 
Burface. 

658. Where good gravel can be procured the road-coverinff 
may be made of this material, which should be well screened, 
and all pebbles found in it over two and a half inches m diame- 
ter should be broken into fragments of not greater dimensions 
than these. A firm level form having been prepared, a layer of 
gravel, four inches in thickness, is laid on, and, when this has 
become compact from the travel, successive layers of about three 
inches in thickness are laid on and treated like the first, until the 
coTcring has received a thickness of sixteen inches in the centre 
and the ordinary convexity. 

€I68. Am has been already stated, the French civil engioeen 

d6 
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do not regard a paved bottoming as ssenLa^ for brokeii^stoM 
road«coverings, except in cases of a veiy heavy traffic, or wherf. 
the substratum of the road is of a very yielding character 
Tliey also give less thickness to the road-covering than the 
Fngiish engineers of Telford's school deem necessary ; allowing 
not more than six to eight inches to road-coverings for light 
traffic, and about ten inches only for the heaviest traffic. 

660. If the soil upon which the road-covering is to be placed 
is not dry and firm, they compress it by rolling, which is done 
by passing over it several times an iron cylinder, about six feel 
in diameter, aiid four feet in length, the weight of which can be 
increased, by additional weights, from six thousand to about 
twenty thousand pounds. The road material is placed upon the 
bed, when well compressed and levelled, in layers of about four 
inches, each layer being compressed by passing the cylinder 
several times over it before a new one is laid on. If the opera- 
tion of rolling is performed in dry weather, the layer of stone is 
watered, and some add a thin layer of clean sand, from four to 
eight tenths of an inch in thickness, over each layer before it is 
rolled, for the purpose of consolidating the surface of the layer, 
by filling the voids between the broken-stone fragments. After 
die surface has been well consolidated by rolling, the road is 
thrown open for travel, and all ruts and other displacement of 
the stone on the surface are carefully repaired, by adding fresh 
material, and levelling the ridges by ramming. 

Great importance is attached by the French engineers to the 
use of the iron cylinder for compressing the materials of a new 
road, and to minute attention to daily repairs. It is stated that 
by the use of the cylinder the road is presented at once in a 
good travelling condition ; the wear of the materials is lees than 
by the old* method of gradually consolidating them by the travel; 
the cost of repairs during the first years is diminished ; it gives 
to the road-covering a more uniform thickness, and admits of its 
being thinner than in the usual method. 

661. Materials and Repairs, The materials for broken-stone 
roads should be hard und durable. For the bottom layer a soft 
stone, or a mixture of hard and soft may be used, but on the 
surface none but the hardest stone will withstand the action of 
the wheels. The stone should be carefully broken into frag- 
ments of nearly as cubical a form as practicable, and be cleansed 
from dirt and of all very small fragments. The broken stone 
should be kept in depots at convenient points along the line of 
the road for repairs. 

Too creat attention cannot be bestowed upon keeping the 
road-surface free from an accumulation of mud and even of dust 
b •k:%kkl be constantly cleaned by scraping and sweeping. Ttc 
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repain should be daily made by adding fresh material tipin al. 
points where hollows or ruts commence to form. It is n;com 
mended by some tliat when fresh material is added, the surface 
on which it is spread should be broken witli a pick to the depth 
of half an inch to an inch, and the fresh material be well settled 
by ramming, a small quantity of clean sand being added to make 
the stone pack better. When not daily repaired by persons 
whose sole business it is to keep the road in good order, genera* 
repairs should be made in the months of October and April, 
by removing all accumulations of mud, cleaning out the side 
channels and other drains, and adding fresh material where re* 
quisite. 

The importance of keeping the road-surface at all times free 
from an accumulation of mud and dust, and of preserving the 
surface in a uniform state of evenness, by the daily addition of 
fresh material wherever the wear is sufficient to call for it, can* 
not be too strongly insisted upon. Without this constant super- 
vision, the best constructed road will, in a short time, be unfit 
for travel, and with it tlie weakest may at all times be kept in a 
tolerably fair state 

662. Cross dimensions oj roads. A road thirty feet in width 
IS amply sufficient for the carriage-way of the most frequented 
thoroughfares between cities. A width of forty, or even sixty 
feet, may be given near cities, where the greater part of the 
transportation is effected by land. For cross roads, and others 
of minor importance, the width may be reduced according to the 
nature of the case. The width should be at least sufficient to 
allow two of the ordinary carriages of the country to pass each 
other with safety. In all cases, it should be borne in mind, that 
any unnecessary width increases both the first cost of construc- 
tion, and the expense of annual repairs. 

Very wide roads have, in some cases, been used, the centre 
part only receiving a road-covering, and the wings, termed sum- 
mer roads^ being formed on the natural surface of the subsoil. 
The object of this system is to relieve tlie road-coverinc from 
the wear and tear occasioned by the lighter kind of vehicles du- 
ring the summer, as the wings present a more pleasant surface 
for travelling in that season. But little is gained by this system 
under this point of view ; and it has the inconvenience of form- 
ing during the winter a large quantity of mud which is very in- 
jurious to the road-covering. 

There should be at least one foot-path, from five to six feel 
wide, and not more than nine inches higher than the bottom of 
Jie side channels. The surface of the foot-path should have a 
Ditch of two inches, towaHs the side channels, to convey iti 
watei into them. When the natural scil is firm and 
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tandvt or grarelly, its surface will serve for the foot-patli ; t H 
in other cases the natural soil must be thrown out to a depth of 
six inches, and the excavation be filled with fine clean travel. 

To prevent the foot-path from being damaged by the current 
of water in the side cnannels, its side slope, next to the side 
channel, must be protected by a facing of good sods, or of dry 
stone. 

As it is of the first importance, in keeping the road-way in a 
good travelling state, that its surface should be kept dry, it will 
oe necessary to remove from it, as far as practicable, all objects 
that might obstruct the action of the wind and the sun on its 
surface. Fences and hedges alons the road should not be higher 
than five feet ; and no trees should be suffered to stand on the 
load-side of the side drains, for independently of shading the 
road-way, their roots would in time throw up the roaiHcov 
ering. 



See Note B^ AppetuiUr^ 
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663. The gieat resistance offered to ihe force of traction oi 
eommon roads, where the traffic is of a heavy character, natu 
rally suggested the idea of trying other means, which would 
afford a more even and durable track for the wheels than tlie 
road-coverings in ordinary use. Various methods have been re- 
sorted to, with greater or less success, to accomplish this object : 
in some instances tracks have been formed of long narrow stone 
blocks ; in others, heavy beams of timber, covered on the sur- 
face with sheet iron to protect them from wear, have been used ; 
and finally, both the stone and wooden ways were replaced by 
iron places and bars, and that system of road-covering, now so 
well known as the railway, or railroad, has been the result. 

For these successive stages of improvement, by which, in the 
short period of less than a quarter of a century, so great a revo- 
lution has been made both in the speed and the amount of trans- 
portation on land, by means which bid fair to supersede every 
other, the civilized world is indebted to England, in whose mi- 
ning districts the railway system first sprung up. 

664. A railway, or railroad, is a track Tor the wheels of ve- 
hicles to run on, which is formed of iron bars placed in two 
parallel lines and resting on firm supports. 

665. Rails. The iron ways first laid down, and termed tram^ 
ways, were made of narrow iron plates, cast in short lengths, 
with an upright flanch on the exterior to confine the wheel within 
the track. The plates were found to be deficient in strength, 
and were replacea by others to which a vertical rib was added 
under the plate. This rib was of uniform breadth, and of the 
shape of a semi-ellipse in elevation. This form of tramway, 
although superior in strength to the first, was still found not to 
work well, as the mud which accumulated between the flanch 
iind the surface of the plate presented a considerable resiatance 
to the force of traction. To obviate this defect, iron bars of a 
■emi-elliptical shape in elevation, whicli received the name of 

Fig. 157— Repremnto a croeB section a. of the tish-bel 
fied rail of the Liverpool and Manchester Railway 
and the method in which it in secured to its chair 
The rail is formed with a slight projection at bot 
torn, which fits into a corresponding notch in the 
side of the chair b. An iron wedge c is inserted 
into a notch on the opposite side of the chair, mod 
confines the rail in its place. 

edge rails, were substituted for the plates of the tramway* 1 M 
croBh sections of these rails were of the form shown in Fig. 15T| 
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ihe top surface being slightly convex, and sufficiently broad tc 
preserve the tire of the wheel from wearing unevenly. Thii 
change in the form of the rail introduced a corresponding one ir 
the tires of the wheels, which were made witli a flanch on tht 
interior to confine them withn the rails of the track. 

The cast-iron ed^e-rail was found upon trial to be subject to 
many defects, arismg from the nature of the material. As it 
was necessary to cast the rails in short lengths of three or four 
feet, the track presented a number of joints, which rendered it 
extremely difficult to preserve a uniform surface. The rails 
were found to break readily, and the surface upon which the 
wheels ran wore unevenly. These imperfections finally led to 
the substitution of wrought-iron for cast-iron. 

666. The wrought-iron rails first brought into use receive<? 
nearly the same shape in cross section and elevation as tlie cast 
iron rail. They were formed by rolling them out m a rolling- 
mill so arranged as to give the rail its proper shape. The lengUi 
of the rail was usually fifteen feet, tne bottom of it (Fig. 158) 
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^ Fi|r. 156— Represents a side elevation of a per 
tkm of a Mh-beliied xaiL 



presenting an undulating outline so disposed as to give the rail a 
bearing point on supports placed three feet apart between their 
centres. This form, known as the fish-belly rail, was adopted 
as presenting the greatest strength for the same amount of metal. 
It lias been found on trial to be liable to some inconveniences. 
The rails break at about nine inches from the supports, or one 
fourth of the distance between the bearing points, and from the 
curved form of the bottom of the rail they do not admit of being 
supported throughout their length. 

667. The form of rail at present in most general use is 
known by the name of the parallel^ or straight rail, the top and 
bottom of tlie rail being parallel ; or as the T, or H rail, from th« 
form of the cross section. 

A variety of forms of cross section aie to be met with in the 
parallel rail. The more usual form is that (Fig. 159) in which 



Fif(. iSH^Represisnts a croBi Mo- 
tion a of a parallei rail of tho 
form generaUy adopted in the U. 
States. The rail is confined tc 
its cliair h by two wooden keys c 
on each side, which are fonned 
of hard compressed wood. 



the top is shaped like the same part in the fish-belly rail, the 
bottom being widened out to give the rail a more stable seat on 
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ttf supports. In some cases the top and bottom are made \Iike 
to admit of turning th^ rail. The greatest deviation from the 
usual form is in the rail of the Great Western Railway in Eng 
land, (Fig. 160.) 

Fig. IflO— Representa a cron section of the nA of the 
Great Weetern Railway in England. Thia rail is laid 
«n a continuous support, and is fastened to it by screwi 
on each side of the rail. A piece of tarred felt was 
. inserted between the base of the rail and its support. 

The dimensions of the cross section of a rail should be such 
that the deflection in the centre between any two points of sup- 
port, caused by the heaviest loadd upon tlie track, should not be 
so great as to cause any very appreciable increase of resistance 
to the force of traction. The greatest deflection, as laid down 
by some writers, should not exceed three hundredths of an inch, 
for the usual bearing of three feet between the points of sup- 
port. The top of the rail is usually about two ana a half inches 
broad, and an inch in depth. This has been found to present a 
good bearing surface for the wheels, and sufficient strength to 
prevent the top from being crushed by the weight upon the rail. 
The breadth of the rib varies between three fourths of an inch to 
an inch ; and the total depth of the rail from three to five inches. 
The thickness and breadth of the bottom have been varied ac- 
cording to the strength and stability demanded by the traffic. 

668. Supports. The rails are laid upon supports of timber, 
or stone. The supports should present a firm unyielding bed to 
the rails, so as to prevent all displacement, either in a lateral or 
a vertical direction, from the pressure thrown upon them. 

Considerable diversity is to be met with in the practice of 
engineers on this point. On the earlier roads, heavy stone 
blocks were mostly used for supports, but these were found to 
require great precautions to render them firm, and ^Jiey were, 
moreover, liable to split fro»» the means taken to confine the 
rails to them. Timber has, 'vithin late years, been generally 
preferred to stone. It aflbrdft a more agreeable road .tor travel, 
and mves a better lateral support to the rails than stono blocks. 

The usual method of placing timber supports is transversely 
to the traclt. Each support, termed a sleeper^ or cross-tie^ beinp 
formed of a piece of timoer six or eight inches square. The or- 
dinary distance between the centre lines of the supports, is three 
feet for rails of the usual dimensions. With a greater bearing, 
rails of the ordinary dimensions do not present sufficient stiflhess 
The sleepers, when formed of round timber, should be squared 
oil the upper and lower surface. On some of the recent railways 
in England, sleepers presenting in coss section a right-angled 
tnarigle have been used, the right angle being at the bottom. 
They ire represented to be more convenient in setting, and tc 



304 RAlLllVAYtf. 

offer a more stable support than those of the usual fc rm. Tin 
sleepers are placed either upon the ballasting of the roadway, o^ 
upon longitudinal beams laid beneath them along tlie line ot the 
rails. The latter is now the more usual practice with us, and is 
indispensable upon new embankments to prevent the ends of 
die sleepers from settling unequally. Thick plank, about eight 
inches broad and three or four inches thick, is usually employed 
for the longitudinal supports of the sleepers. 

On some of the more recent railways in England, the rails 
have been laid upon longitudinal beams, presenting a continuous 
support to tiie rail, the beams resting upon cross-ties. 

669. Chairs. The rails are firmly fastened to their supports by 
cast-iron chairs, (Figs. 157, 159,) wroiight-iron spikes, or screws. 
The chair is cast in one piece, and consists of a bottom-plate, upon 
which the rail rests, and two side pieces between which the rail is 
confined by wedges of iron, or of wood. The chairs are fastened 
to the supports by iron bolts, or wooden pins. A variety of 
forms have been given to the chairs, and different methods adopt* 
ed for confining the rail firmly within them. Iron wedges having 
been found to work loose, wooden wedges, or keys, have been 
substituted for them. They are made of kjin-dried timber, and 
are forced through cutters, by which they receive the propei 
shape, and are at the same time strongly compressed. The key, 
prepared in this manner, gradually swells by imbibing moisture 
after being inseited, and iforms a very strong fastening. Chairs 
are generally placed upon each support. In some cases they 
are only placed at the points of junction of the rails ; iron spikes 
with a bent head being driven into the supports, to confine the 
rails at the intermediate points between the chairs. 

A joint of sufficient width is left between the ends of the rails, 
to allow for the expansion of the bars. Various methods of 
forming this joint have been tried ; the more usual forms are the 
square joint, and the oblique joint. 

670. Ballast, A covering of broken stone, of clean coarse 
mravel, or of any other material that will allow the water to 
drain off freely, is laid upon the natural surface of the excavations 
and embankments, to form a firm foundation for the supports. 
This has received the appellation of the ballast. Its tliickness 
is from nine to eighteen inches. Open or broken-stone drains 
should be placed beneath the ballasting to convey off the surface 
water. The parts of the ballasting upon which the supports 
rest should be well rammed,' or rolled ; and it should be weL 

Eacked beneath and around the supports. After the rails am 
lid, another layer of broken stone or gravel should be added 
the surface of which should be slightly convex and about three 
inches below the top of the rails. 
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671. TefJiporary railways of wood and iron. On the first 
introduction of railways into the United St^ites, the tracks AVere 
formed of flat iron bars laid upon longitudinal beams. The iron 
bars were about two and a half inches in breadth, and from one 
half to three fourths of an inch in thickness, the top surface 
being slightly convex. They were placed on the longitudina 
beams, a little back from the inner edge, the side of the beam 
near the top being bevelled off, and were fastened to the beam 
by screws or spikes, which passed through elliptical holes with 
a countersink to receive the heads of the spikes ; the holes re 
ceiving this shape to allow of the contraction and expansion of 
the bar, without disjJacing the fastenings. The longitudinal 
beams were supported by cross sleepers, with which they were 
connected by wedges tHat confined the beams in notches cut 
into the sleepers to receive them. The longitudinal beams were 
usually about six inches in breadth, and nine inches in depth, 
and in as long lengths as they could be procured. The joints 
between the bais were either square or obhque, and a piece of 
iron or zinc was inserted ^oto the beams at the joint, to prevent 
the end of the rail from oeing crushed into the wood by tlie 
wheels. 

In some instances the bars were fastened to long stone blocks, 
but this method was soon abandoned, as the stone was rapidly 
destroyed by the action of the wheels ; besides which, the rigid 
nature of the stone rendered the travelling upon it excessively 
disagreeable. 

Tnis system of railway, whose chief recommendation is eco- 
nomy in the first cost, has gradually given place to the solid rail. 
Besides the want of durability of the structure, it does not pos- 
sess sufficient strength for a heavy traffic. 

672. Gauge, The distance between the two lines of rails of 
a track, termed the gauge^ which has been adopted for the great 
majority of the railways in England, and also with us, is 4 feet 
8i inches. This gauge appears to have been the result of 
chance, and it has been followed in the great majority of cases 
up to the present time, owing to the inconvenience that would 
arise from the adoption of a different gauge upon new lines. 
The greatest deviation yet made from the established gauge is in 
that of the Great Western Railway, in which the gauge is seven 
feet. Engineers are generally agreed that a wider gauge is de- 
sirable, as with it the wheels of railway cars could be made of 
greater diameter than they now receive, and be placed outside 
of the cars instead of under them as at present ; the centre of 
gravity of the load might be placed lower, and more steadi 
ness of motion and greater security at liigh velocities be at 
tained 

89 
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In a double track the distance between the two tracks is gen- 
erally the same as the gauge ; and the distance between the 
outside rail of a track, and the sides of the excavation, or em- 
bankment, is seldom made greater than six feet, as this is deemed 
sufficient to prevent the cars from going over an embankment 
were they to run off the rails. 

673. On all straight portions of a track, the supports should 
be on a level transversely, and parallel to the plane of the track 
longitudinally. The top surface of the rail should incline in- 
ward, to conform to the conical form of the wheels; this is 
now usually effected by giving the chair the requisite pitch, or 
by forming the top surface with the requisite bevel for this pur- 
pose. 

674. Curves. In the curved portions of a track the centri- 
fugal force tends to force the carriage towards the outside rail 
of the curve. This action of the centrifugal force is counter- 
acted, to a certain extent, by the conical fonn of the wheels, 
which, by causing them to run on unequal diameters so soon as 
they enter a curve, inclines the car inward. Within certain 
limits of the radius of curvature, the amount of the force by 
which the car is impelled towards the centre of the curve, by 
this change in the diameter of the interior and exterior wheels, 
will be sufficient to counteract the centrifugal force which urges 
it outward. With wheels of the diameter and shape at present 
in general use, the usual gauge of track, and play between the 
Aanch of each wheel and the side of the rail, the least radius of 
curvature which will prevent the flanch of the exterior wheel 
from being brought into contact with the side of the rail, is found 
to be about 600 feet. To prevent actual contact and offer per- 
fect security, the radius allowed should not be less than 1000 feet, 
when the exterior and interior rails are on the same level trans- 
versely. As on curves with a smaller radius than 1000 feet, 
the flanch of the wheel might be driven against the rail, and the 
car be forced from the track, it will be requisite to provide 
against this by raising the exterior rail higher than the interior, 
so thai by thus placing the wheels on an inclined plane, the 
component of gravity, opposed to the centrifugal force, added to 
the force which impels the car inward when running on wheels 
of unequal diameter, may balance the centrifugal force. From 
the above conditions of equilibrium, the elevation which the ex* 
lerior rail should receive above the interior can be readily cal- 
culated. The method more usually adopted, however, is to 
neglect the effect of the conical form of the wheel, in coimter 
acting the action of the centrifugal force within certain limits, 
and to give the exterior rail an elevation sufficient to prevent the 
flanch of the wheel from being driven against the side of the nu3 
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when the car is moving at the highest supposed velocity ; or, in 
otlier words, to give the inclined plane across the track, on which 
tlie wheels rest, an inclination such tliat the tendency of the 
wheels to slide towards the interior rail shall alone counteract 
the centrifugal force. 

675. Sidings, ^c. On single lines of railways short portions 
of a track, termed sidings^ are placed at convenient intervals 
along the main track, to enable cars going in opposite directions 
to cross each other, one train passing into the sidihg and stop- 

[nng while the other proceeds on the main track. On double 
ines arrangements, termed crossings, are made to enable trains 
to pass from one track into the other, as circumstances may re- 
quire. The position of sidings and their length will depend 
entirely on local circumstances, as the lengtli of the trains, the 
number daily, &c. 

The manner generally adopted, of connecting the main track 
ivith a siding, or a crossing, is very simple. It consists (Fig. 
161) in having two short lengths of tne opposite rails of the mair 

Fig. 161— RepreeenU 
the sliding switches, 
or rails, for connect- 
ing asiding with the 
main track. 

a, a, rails connected 
by an iron rod fr, by 
which they can be 
turned around the 
joints Oj 0. 

Ct c, rails of main 
track. 

d, d, rails of siding. 

track, where the siding or crossing joins it, moveable around one 
of their ends, so that the other can be displaced from the line of 
the main track, and be joined with tha|; of the siding, or crossing, 
on the passage of a car out of the main track. These moveable 
portions of rails are connected and kept parallel by a long cross 
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fiff. 10!^~Represent8 a plan M, and section N, of a fixed crossing plate. The plate A 
M of cast-iron, with vertical ribs c, e, on the bottom, to give it the requisite strength. 
Wfonght-iron ban a, a, placed in the lines of the two inteiiiecting nih d» df art 
ffmily screwwl to the plate ; a sufficient space being left between them and the nXk 
Av tbe ilaiKh of the wheel to d«s. 
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bo!t, to the end of which a vertical lever is attached to dran 
them forward, or shove them back. 

At the point where the rails of the two tracks intersect, a cast 
iron plate, termed a crossing-plate (Fig. 162) is placed to con 
nect the rails. The surface of the plate is arranged either with 
grooves in the lines of the rails to admit the flanch of the wheel 
in passing, the tire running upon the surface of the plate ; oi 
wrought-iron bars are a£Sxed to the surface of the plate for tiie 
same purpose. 

The angle between the rails of the main tracks and those of a 
siding or crossing, termed the angle of deflection, should not be 
greater than 2° or 3°. The connecting rails between the straight 
portions of the tracks should be of the shape of an S curve, in 
order that the passage may be gradually effected. 

676. Turn-plates, Where one track intersects another under 
a considerable angle, it will be necessary to substitute for the 
ordinary method of connecting them, what is termed a tum-plate, 
or turn-table. This consists of a strong circular platform of 
wood or cast-iron, moveable around its centre by means of coni 
cal rollers beneath it running upon iron roller-ways. Two rails 
are laid upon the platform to receive the car, which is transferred 
from one track to the other by turning the platform sufficientlv 
to place the rails upon it in the same line as those of the track 
to be passed into. 

677. Street-crossings. When a track intersects a road, or 
street, upon the same level with it, the rail must be guarded by 
cast-iron plates laid on each side of it, sufficient space being left 
between them and the rail for the play of the flanch. The lop 
of the plates should be on a level with the top of the rail. 
Wherever it is practicable a drain should be placed beneath* to 
receive the mud and dust v^hich, accumulating between the plates 
and rail, might interfere with the passing of the cars along the 
rails. 

678. Gradients. From various experiments upon the friction 
of cars upon railways, it appears that the angle of repose is 
about -sis J but that in descending gradients much steeper,. the 
velocity due to the accelerating force of gravity soon attains itd 

freatest limit and remains constant, from the resistance caused 
v the air. 
The limit of the velocity thus attained upon gradients of an^ 
degree, whether the train descends by the action of gravity alone, 
or by the combined action of the motive power of the engine 
and gravity, can be readily determined for any given load. From 
calculation and experiment it appears that heavy trains may de« 
scend gradients of t77» without attaining a greater velocitv thas 
about 40 or 50 miles an hour, by allowing them to run ireely 
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iritliout appl3riig the brsdce to check the speed. By the apph* 
cation of the b*ake, the velocity may be kept within any limit 
of safety upon much steeper gradients. The only question, then, 
in comparing the advantages of different gradients, is one of the 
comparative cost between the loss of power and speed, on Hhe 
one hand, for ascending trains on steep gradien*^, and that of the 
heavy excavations, tunnels, and emoankments, on the other, 
which may be required by lighter gradients. 

In distributing the gradients along a line, engineers are gener- 
ally agreed that it is more advantageous to have steep gradients 
upon short portions of the line, than to overcome the same dif- 
ference of level by gradients less steep upon longer develop- 
ments. 

679. In steep gradients, where locomotive power cannot be 
employed, stationary power is used, the trains being dragged up, 
or lowered, by ropes connected with a suitable mechanism, 
worked by stationary power placed at the top of the plane. 
The inclined planes, with stationary power, generally receive a 
uniform slope throughout. The portion of the track at ihc top 
and bottom of the plane, should be level for a sufficient distance 
back, to receive the ascending or descending trains. The axes 
of the level portions should, when practicable, be in the same 
vertical plane as that of the axis of the inclined plane. 

Small rollers, or sheeves, are placed at suitable distances along 
the axis of the inclined plane, upon which the rope rests. 

Within a few years back flexible bands of rolled hoop-iron 
have been substituted for ropes on some of the inclined planes 
of the United States, and have been found to work well, pre- 
senting more durability and being less expensive than ropes. 

680. Tunnels, The great consumption of power by gravity, 
and the necessity therefore of either employing additional power, 
or of diminishing the load of locomotives in ascending steep gra- 
dients, have caused engineers to resort to excavations and em- 
bankments frequently of excessive dimensions, to obtain gradients 
upon which the ordinary loads on a level can be transported with 
a suitable degree of speed. The difficulty and cost of forming 
these works become in some cases so great, that it is found 
preferable to obtain the requisite gradient by canying the road 
under ground by an excavation termed a tunnel 

The choice between deep cutting and tunnelhng, will depend 
upon the relative cost of the two, and the nature of the ground. 
Wlien the cost of the two methods would be about equal, ana 
the slopes of the deep cut arc not liable to slips, it is usually 
more advantageous to resort to deep cutting th'u to tunnelling. 
So much, however, will depend upon local circumstances, thai 
(lio comparative advantages of the two methods can only be de 
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cided upon underslandingly when these ire known Where ant 
latitude of choice of locahty is allowed, the natuie of the soil, 
the lengtli of the tunnel, that of the deep cuts by which it must 
be approached, and also the deptlis of the working and air shafts, 
must all be well studied before any definitive location is decided 
upon. In some cases it may be found, that a longer tunnel with 
shorter deep cuts will be more advantageous in one position, 
than a shorter tunnel with longer deep cuts in another. In oth* 
ers, the greater depth of working shafts may be more than com- 
pensated by obtaining a safer soil, or a shorter tunnel. 

681. The operations in tunnelling will depend upon the nature 
of the soil. The work is commenced by setting out, in the first 
place, with great accuracy upon the surface of the ground, the 
profile line contained in the vertical plane of the axis of the tun- 
nel. At suitable intervals along this line vertical pits, termed 
working shaftSy are sunk to a level with the top, or crown of the 
tunnel. The shafts and the excavations, which form the en- 
trances to the tunnel, are connected, when the soil will admit of 
it, by a small excavation termed a headin^^ or driftj usually five 
or six feet in width, and seven or eight leet in height, which is 
made along tlie crown of the tunnel, x^fter the drift is com- 
pleted, the excavation for the tunnel is gradually enlarged ; the 
excavated earth is raised tlirough the working shafts, and at the 
same time carried out at the ends. The dimensions and form 
of the cross section of the excavation, will depend upon the na- 
ture of the soil, and the object of the tunnel as a communi- 
cation. In solid rock the sides of the excavation are usually 
vertical ; the top receives an arched form ; and the bottom is 
horizontal. In soils which require to be sustained by an arch, 
the excavation should conform as nearly as practicable to the 
form of cross section of the arch. 

In tunnels through unstratified rocks, the sides and roof may 
be safely left unsupported ; but in stratified roicks there is dan- 
ger of blocks becoming detached and falling : wherever this is 
to be apprehended, the top of the tmmel should be supported by 
an arch. 

Tunnelling in loose soils is one of the most hazardous opera 
tions of the miner's art, requiring the greatest precautions ir 
supporting the sides of the excavations by strong rough frame 
work, covered by a sheathing of boards, to secure the workmeii 
from danger. When in such cases the drift cannot be extended 
throughout the Une of the tunnel, the excavation is advanced 
only a few feet in each direction from the bottom of the working 
shafts, and is gradually widened and deepened to the propei 
fonn and dimensions to receive the masonry of the tunnel, whicii 
is immediately commenced below each working shaft, ami is 
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cuned forward in both directions towards the two ends of tbf 
tunnel. 

682. Masonry of tunnels. The cross section of the arch of s 
tunnel (Fig. 163) is usually an oval segment, formed of arcs o^ 




fig. 163— Represents the general form 9i 

tha eroM section of a brick aroh tot 

tunnels. 
OfOj^ askew-back stone between the sidet 

or the aich and the bottom inserted 

aroh. 



circles for the sides and top, resting on an inverted arch at hot 
torn. The tunnels on some of the recent railways in England 
are from 24 to 30 feet wide, and of the same height from the 
level of the rails to the crown of the arch. The usual thickness 
of the arch is eighteen inches. Brick laid in hydraulic cement 
is generaUy used for the inasonry, an askew back course of stone 
being placed at the junction of the sides and the inverted arch. 
The masonry is constructed in short lengths of about twenty 
feet, depending, however, upon the precautions necessary to se- 
cure the sides of the excavation. As the sides of the arch are 
carried up, the frame-work supporting the earth behind is grad- 
ually removed, and the space between the back of the ma- 
sonry and the sides of the excavation is filled in with earth 
well rammed. This operation should be carefully attended to 
throughout the whole of the backing of the arch, so that the 
masonry may not be exposed to the effects of any sudden yield 
ing of the earth around it. 

683. The frame-work of the centres should be so arrangec 
that they may be taken apart and be set up with facility. The 
combination adopted will depend upon the size of the arch, and 
the necessity of support/ ng the sides as well as the top of the 
arch by the centre, during the process of the work. 

684. The earth at the ends of tlie tunnel is supported by a 
retaining wall, usually faced with stone. These walls, termeJ 
the /ronts of the tunnel, ire generally finished with the usua' 
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architectural designs for ^teways. To secure the ends of the 
arch from the pressure of the earth above them, cast-iron plates 
of the same shape and depth as the top of the arch, are inserteo 
within the masonry, a short distance from the ends, and are se 
cured by wrought-iron rods firmly anchored to the masonry at 
some distance from each end. 

685. The working shafts, which are generally made cylindri- 
cal and faced with brick, rest upon strong curbs of cast-iron, 
inserted into the masonry of the arch. The diameter of the shaft 
within is ordinarily nine feet. 

Small shafts, about three feet in diameter, termed air shafts^ 
are in some cases required at intennediate points between the 
working shafts, for the purposes of ventilation. 

686. The ordinary dimculties of tunnelling are greatly increased 
by the presence of wjter in the soil through which the work is 
driven. Pumps, or other suitable machinery for raising water, 

E laced in the working shafts, will in some cases be requisite to 
eep them and the drift free from water until an outlet can be 
obtained for it at the ends, by a drain alonff the bottom of the 
drift. Sometimes, when the water is found to gain upon the 
pumps at some distance above the level of tlie crown of the 
tunnel, an outlet may be obtained for it by driving above the 
tunnel a drift-way between the shafts, giving it a suitable slope 
from the centre to the two extremities to convey the water oflf 
rapidly. 

in tunnels for railways, a drain should be laid under the bat 
asting along the axis, upon the inverted arch of the botlom. 
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CANALS. 

697. Canals die divificid chiinnels for water, applied to the 
purpose of inland mtvi^tioQ ; for the supply of cities with wa 
ter ; for draining ; for irrigation, &c. &c. 

688. Namgaole canals are divided into two classes : 1st Ca 
nals which are on the same level throughout their entire length, 
as those which are found in low level countries. 2d. Canals 
which connect two points of different levels, which lie either in 
the same valley, or on opposite sides of a dividing ridge. This 
class is found in broken countries, in which it is necessary to 
divide the entire length of the canal into several level portions, 
the communication between which is effected by some artificial 
means. When the points to be connected lie on opposite sides 
of a dividing ridge, the highest reach, which crosses the ridge, 
is termed the summit level, 

689. 1st Class. The surveying and laying out a canal in a 
level country, are operations of such extreme simplicity as to 
require no particular notice in this place ; since these operations 
have been fully explained in the subject of Common Roads. 
The line of the canal should be run in a direct line between tlie 
two points to be connected, unless it be found necessary to de- 
flect it at any intermediate points ; in which case, the straight 
portions will Be connected by arcs of circles of sufficient curva* 
ture to allow the boats used in the navigation to pass each othei 
at the curves, without any diminution of their ordinary rate of 
speed. 

The cross section of this class (Fig. 164) presents usuaUy • 




Fig. KM*— CroM section of a canal in level cutting. 

A, water-way. 

B, tow-patha. 

C, berms. 

D, 8ide-<Irains. 

E, puddling of day or sand 

water-way^ or channel of a trapezoidal form, with an embank* 
menl on each side, raised above the general level of the country, 
and formed of the excavation for the water-way. The level, or 
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■uifece of the water, is usually above the natural surface, suflt 
cient thickness being given to the embankments to prevent the 
filtration of the water through them, and to resist its pressure. 
This arrangement has in its favor the advantage of economy in 
the labor of excavating and embanking, since the cross section 
of the cutting may be so calculated as to furnish the necessary 
earth for the embankment ; but it exposes the surrounding coun- 
try to injury, from accidents happening to the embankmenid. 

The relative dimensions of the parts of the cross section may 
be generally stated as follows ; subject to such modifications as 
each particular case may seem to demand. 

The width of the water-way, at bottom, should be at least 
twice the width of the boats used in navigating the canal ; so 
that two boats, in passing each other, may, by sneering towards 
the sides, avoid bemg brought into contact. 

The depth of the water-way should be at least eighteen 
inches greatei than the draft of the boat, to facilitate the motion 
of the boat, particularly if there are water-plants growing on 
the bottom. 

The side slopes of the water-way, in compact soils, should 
receive a base at least once-and-a-half the altitude, and propo- 
lionaliy more as the soil is less compact. 

The thickness of th^ embankments, at top, is seldom regu 
lated by the pressure of the water against them, as this, in most 
cases, is inconsiderable, but to prevent filtration, which, were it 
to take place, would soon cause their destruction. A thickness 
from four to six feet, at top, with the additional thickness given 
oy the side slopes at the water surface, will, in most cases, be 
amply sufficient to prevent filtrations. A pathway for the horses 
attached to the boats, termed a tow^pcUh, which is made on one 
of the embankments, and a foot-patn on the other, which should 
be wide enough to serve as an occasional tow-path, give a su- 
perabundance of strength to the embankments. 

The tow-path should be from ten to twelve feet wide, to allow 
the horses to pass each other with ease ; and the foot-path at 
least six feet wide. The height of the surfaces of these pat) s, 
above the water surface, should not be less than two feet, to 
avoid the wash of the ripple ; nor greater than four feet and a 
half, for the facility of the draft of tiie horses in towing. The 
surface of the tow-path should incline slightly outwajd, both 
to convey off the surface water in wet weather, and to give 
a firmer footing to the horses, which naturally d^w fix>m the 
canal. 

The side slopes of the embankment vary with the charactei 
of the soil : towards the water-way they should seldom be less 
than two base to one perpendicular ; from it, they may, if it !>• 
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thought necessary, be less. The interior slope is usually not 
carried up unbroken from the bottom to the top ; but a horizon- 
tal space, termed a bench^ or befjn, about one or two feet wide, 
is left, about one foot above the water surface, between the side 
slope of the water-way and the foot of the embankment above 
the berm. This space serves to protect tlie upper part of the 
interior side slope, and is, in some cases, planted with such 
shrubbery as grows most luxuriantly in aquatic localities, to pro 
tect more efficaciously the banks by the support which its roots 
give to the soil. Tne side slopes are better protected by a re- 
v^tement of dry stone. Aquatic plants of the bulrush kind 
have been usecf, with success, for the same purpose; being 
planted on the bottom, at the foot of the side slope, they serve 
to break the ripple, and preserve the sloperfirom its effects. 

The earth of which the embankments are formed should be 
of a good binding character, and perfectly free from vegetable 
mould, and ail vegetable matter, as the roots of plants, &c. In 
forming the embankments, the vegetable mould should be care- 
fully removed from the surface on which they are to rest ; and 
:be.y should be carried up in uniform layers, from nine to twelve 
inches thick, and be well rammed. If the character of the earth, 
of which the embankments are formed, is such as not to present 
entire security against filtration, a puddling of clay, or fine sand, 
two or three feet thick, may be laid in the interior of the mass, 
penetrating a foot below the natural surface. Sand is useful in 
preventing filtration caused by the holes made in the embank- 
ments near the water surface by insects, moles, rats, &c. 

Side drains must be made, on each side, a foot or two from 
the embankments, to prevent the surface water of the natural 
surface from injuring the embankments. 

690. 2d Class. This class will admit of two subdivisions . 
ist, Canals which lie throughout in the same valley ; 2d, Canals 
with a summit level. 

Location. In laying out canals, belonging to the first sub- 
division, tlie line of direction of the canal should be as direct as 
practicable between tlie two points. As the different levels, 
however, must be laid out on one of the side slopes of the val- 
ley, their lines of direction will be nearly the same as the hori 
zontal curved line in which the natural surface of the ground 
would be intersected by the water surface of the canal pro- 
duced ; the variations in direction from this curve depending on 
the character of the cuttings and fillings, both as to the advan- 
tages which the one may present over the other as regards filtra 
tion, and tlie economy of construction. 

With respect to the side slope of the valley along which the 
canal is to be run, the engineer must be guided in his choice bj 



the relalive expense of construction on the two sides ; whkt 
will depend on the quantity of cutting and filUng, the masonrj 
for the culTerts, &c., and the nature of the soil as adapted U 
holding water. All other things being equal, the side on which 
the fewest secondary water-courses are found will, general!} 
speaking, oSer the greatest advantage as 1o expense ; but, it may 
happen that tlie secondary water-courses will oe required to feed 
the canal with water, in which case it will be necessary to lay 
out the line an the aide where they are found moat convenient, 
and in most abundance. 

As to the points in which the line of direction should cross the 
secondary valleys, the engineer wil! be guided by the same con- 
siderations as for any other line of communication ; crossing 
them by following the natural surface, or else by a filling in a 
right line, as may be most economical. 

691. Cross section. The side formations of excavations and 
embankments require peculiar care, particularly the latter, as 
any crevices, when ihey are first formed, or which may take 
place by settling, might prove destructive to the work. In most 
cases, a stratum of good binding earth, lining the water-way 
throughout to the thickness of about four feel, if compactly 
rammed, wUl be found to offer sufficient security, if the subh- 
structure is of a firm character, and not liable to settle. Fine 
sand has been applied with success to stop the leakage in canals. 
The sand for this purpose is sprinkled, in small quantities at a 
lime, over the surface of the water, and gradually fills up the 
outlet^ in the bottom and sides of the canal. But neither this 
nor puddling has been found to answer in all caaes, particularly 
wliere the substructure is formed of fragments of rocks offering 
large crevices to filtrations, or is of a marly nature. In such 
cases it has been found necessary to line the water-way through- 
nut with stone, laid in hydraulic mortar. A lining ol this cha- 
racter, (Fig. 165,) both at the bottom and sides, lonned of fla' 



pig. Its-Cron seclioD oT a coasl in M« oattiiia )>«1 «lli> timmni. 

A, walcr-wa/. 

B, low-paUif. 
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Stones, about four inches thick, laid on a bed of hydraulic mor- 
tar, one inch thick, and covered by a similar coat of mortar, 
making the entire thickness of the lining six inches, has been 
found to answer all the required purposes. This lining should 
be covered, both at bottom and on the sides, by a layer of good 
earth, at least three feet tliick, to protect it from the shock of the 
boats striking either of those parts. 

The cross section of the canal and its tow-paths in deep cut 
ting (Fig. 166) should be regulated in the same way as in canals 




Fig. ]6<H-€ro6s RectioD of a canal in deep cutting. 
£, side Blopee of cutting. 

oi the first class: but when the cuttings are of considerable 
depth, it has been recommended to reduce both to the dimen- 
sions strictly necessary for the passage of a single boat. By 
this reduction there would be some economy in the excavations ; 
but this advantage would, generally, be of too trifling a charac* 
ter to be placed as an offset to the inconveniences resulting to 
the navigation, particularly where an active trade was to be car- 
ried on. 

692. Summit level As the water for the supply of the sum- 
mit level of a canal must be collected from the ground that lies 
above it, the position selected for the summit level should be al 
the lowest point practicable of the dividing ridge, between tha 
two branches of the canal. In selecting this point, and the di- 
rection of the two branches of the canal, the engineer will be 
guided by the considerations with regard to the natural features 
of the surface, which have already been dwelt upon. 

693. Supply of water. The quantity of water required fo- 
canals with a summit level, may be divided into two portions 

1 St. That which is required for the summit level, and tnose lev 
els which draw from it their supply. 2d. That which is wanted 
for the levels below those, and which is furnished from other 
sources. 

The supply of the first portion, which must be collected at 
the summit level, may be divided into several elements: 1st 
The quantity required to fill the summit level, and the levels 
which draw their supply from it. 2d. The quantity required tc 
vupply losses, arising from accidents ; as breaches in the banks, 
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and tlie emptying of the levels for repairs. 3d. The suppliei 
for losses from surface evaporation, from leakage tbrougii th« 
soil, and through the lock gates. 4. The quantity required foi 
the service of the navigation, arising from the passage of the 
boats from one level to another. Owing to the want of sufficient 
data, founded on accurate observations, no precise amount can 
be assigned to these various elements which will serve the engi- 
neer as data for rigorous calculation. 

The quantity required, in the first place, to fi/1 the summit 
level and its dependent levels, will depend on theii size, an ele- 
ment which can be readily calculated ; and upon the quantity 
which would soak into the soil, which is an element of a very 
indeterminate character, depending on the nature of the soil in 
the different levels. 

The supplies for accidental losses are of a still less determi- 
nate character. 

To calculate the supply for losses from surface evaporation, 
correct observations must be made on the yearly amount of 
evaporation, and the quantity of rain that falls on the surface ; as 
the loss to be supplied will be the difference between these two 
quantities. 

With regard to the leakage through the soil, it will depend on 
the greater or less capacity which the soil has for holding water. 
This element varies not only with the nature of the soil, but also 
with the shorter or longer time that the canal may have been in 
use ; it having been found to decrease with time, and to be, 
comparatively, but trifling in old canals. In ordinary soils it 
may be estimated at about two inches in depth every twenty-four 
hours, for some time after the canal is first opened. The leak- 
age through the gates will depend on the workmanship of these 
parts. From experiments by Mr. Fisk, on the Chesapeake and 
Ohio canal, the leakage through the locks at the summit level, 
which are 100 feet long, 15 feet wide, and have a lift of 8 feet, 
amounts to twelve locks full daily, or about 62 cubic feet per 
minute. The monthly loss upon the same canal, from evapora- 
tion and filtration, is about twice the quantity of water contained 
in it. From experiments made by Mr. J. B. Jervis, on the Erie 
ranaL tne total loss, trom evaporation, filtration, and leakage 
•iirough the gates, is about 100 cubic feet per minute, for each 
mile. 

'n estimating the quantity of water expended for the service 
of the navigation, in passing the boats from one level to another, 
two distinct cases require examination : — 1st. Where there is but 
one lock between two levels, or in other words, when the locks 
are isolated. 2d. When there are several contiguous locks, or 
fts it is termed, ^fligh* of locks between two levels. 
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694. A. lock is a small bisin just large enough to receiTe a 
boat, in which the water is usually confined on the sides by twa 
upright walls of masonry, and at the ends by two gates, which 
open and shut, both for the purpose of allowing the boat to pass, 
and to cut off the water of the upper level from the lower, as 
well as from the lock while the ooat is in it. To pass a boat 
from one level to the other — from the lower to the upper end, 
for example — the lower gates are opened, and the boat having 
entered the lock they are shut, and water is drawn from the up- 
per level, by means of valves, to fill the lock and raise the boat , 
when this operation is finished, the upper gates are opened, and 
the boat is passed out. To descend from the upper level, the 
lock is first filled ; the upper gates are then opened, and the boat 
passed in ; these gates are next shut, and the water is drawn 
from the lock, by valves, until the boat is lowered to the lower 
level, when the lower gates are opened and the boat is passed 
out. 

In the two operations just described, it is evident, that for the 

Sassage of a boat, up or down, a quantity of water must be 
rawn from the upper level to fill the lock to a height which is 
equal to the difference of level between the surface of the water 
in the two ; this height is termed the lift of the lock, and the 
volume of water reouired to pass a boat up or down is termed 
the prism of lift. The calculation, therefore, for the quantity 
of water requisite for the service of the navigation, wiH be sim- 
ply that of the number of prisms of Uft which each boat will 
draw from the summit level in passing up or down. 

696. Let a boat, on its way up, be supposed to have arrived 
at the lowest level supplied from the summit level ; it will re- 
quire a prism of lift to ascend the next level above, and so on in 
succession, until it reaches the summit level, from which one 
prism of lift must be drawn to enable the boat to enter it. From 
this it appears that but one prism of lift is drawn from the sum- 
mit level for the passage of a boat up. Now, in descending on 
<be other side, the boat will require one prism of lift to take it to 
the next level, and this prism of lift will carry it through all the 
successive locks, if their lifts are the same. For the entire pas- 
sage of one boat, then, two prisms of lift must be drawn uoro 
the summit level. 

This boat will thus leave all the locks full on the side of the 
ascent, and empty on the side of the descent. Now the next boat 
may be going in the same, or in an opposite direction, with re- 
spect to the first. If it •follows the first, it will evidently require 
tvro prisms of lift for its entire passage, and will leave the locks 
in ihe same state as they were. If it proceeds in an opposite 
diiection, i^ will require a prism of lift to ascend to the summi 
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Yevel ; but, in descending, it will take advantage of the TuII locc 
•eft by the preceding boat, and will tiierefore not draw from tht 
summit level for its descent to the next; the same will take 
place at every level until the last, wl ere it will carry out with it 
the prism of lift, which was drawn from the summit level for the 
preceding boat, so that in this case it will draw but one prism 
of lift from the summit level. If the two boats had met un the 
summit level, the same would have taken place: therefore, when 
the boats alternate regularly, each will require but one pnsm 0/ 
lift for its entire passage. But as this regularity of alternation 
cannot be practically carried into effect, an allowance ot two 
prisms of lift must be made for the entire passage of each boat 

In calculating the expenditure for locks in flights, a new ele* 
ment, termed the prism of draught, must be taken into account. 
This prism is the quantity of water required to float the boai in 
the lock when the prism of lift is drawn off; and is evidently 
equal in depth to tne water in the canal, unless it should be 
deemed advisable to make it just sufficient for the draught of the 
boat, by which a small saving of water might be effected. 

696. Locks in flights^ may be considered under two points of 
view, with regard to the expenditure of water : the first, where 
both the prism of lift, and that of draught, are drawn off for the 
passage of a boat ; or second, where the prisms of draught are 
always reiained in the locks. The expenditure, of course, will 
be different for the two cases. 

To ascertain what will take place in the two cases, let a case 
be supposed, in which there is a flight of locks on each side of 
the summit level, to connect it with the two next lower levels. 
In the first case, a boat, arriving at the foot of the flight, finds 
all the locks of the flight empty, except the lowest, which must 
contain a prism of draught to float the boat in. To raise the 
boat, then, to the upper level, all the locks of tlie flight must be 
filled from the summit level, which will require as many prisms 
of lift as there are locks, and as many prisms of draught as there 
are locks less one ; or, representing by l the prism of lift, d the 
prism of draught, and n the number of locks in the flight, the 
total Quantity of water, for the ascent of the boat, will be repre- 

aenteJby nL + {n-l)o; . . . (1). 

In descending, on the opposite side, the boat will require a prism 
of lift and one of draught at the first lock ; but to enter the sec- 
ond another prism of draught in addition will be required, and 
this entire quantity will be sufficient to take it through all the 
remaining locks oi the flight : this quantity will therefore be rep- 
resented bv 

«. + 2d ; • . (8). 
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lo that for the entire passage of the boat, the total expenditnra 
wiD be represented by 

(n + l)L + (/i + l)D. . (3). 

The flight, on one side, is thus left full after the passage of 
the first boat, and on the other side, empty. If a second boat, 
then, follows directly after the first, the prism of lift must be 
drawn from the lowest lock to admit the boat, this prism is then 
supplied from the lock next above, and so on to the summit lev« 
el ; so that but one prism of lift will be drawn off for the ascent 
of this boat, and it will require one of lift, and two of draught, 
to carry it down the opposite flight. If, therefore, the total 
number of boats which follow in this order, including the first, 
be represented by wi, the total expenditure will be represent- 
ed by 

(n + l)L + (n + l)D + (7»-l)2L + (771 — 1) 2d. . (4). 

If the second boat, instead of following the first, arrives in 
the opposite direction, or alternates with it, the expenditure for 
its ascent will be represented by the formula (1), and for its de- 
scent it will be nothing, since it finds the opposite flight filled, 
as left by the first boat ; but if the locks had been emptied, then 
the passage of the second boat would have taken place under 
the same circumstances as that of the first. 

It will be unnecessary here to go farther into these calcula- 
tions for the various cases that may occur, under the different 
circumstances of passage of the boats or of empty or full flights ; 
the preceding gives the spirit of the method, and will give the 
means for entering upon a calculation to allow for the loss or 
gain by the passage of freighted or of empty boats, following 
any prescribed order of passage. These rennements are, for 
the most part, more curious than useful; and the engineer should 
confine himself to making an ample allowance for the most un- 
favorable cases, both as regards the order of passage and the 
number of boats. 

697. Feeders and Reservoirs. Having ascertained, from the 
preceding considerations, the probable supply which should be 
collected at the summit level, the engineer will next direct his 
attention to the sources from which it may be procured. Theo- 
retically considered, all the water that drains from the ground 
adjacent to the summit level, and above it, might be collected for 
its supply ; but it is found in practice that channels for the con- 
veyance of water must have certain slopes, and that these sloper 
moreover, will regulate the supply furnished in a certain tim6. 
all other things being equal. In making, however, the survey 
of the country, from which the water is to be supplied to the 
iiunmit leveU all the ground above it should be examined, leav- 

41 
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ing the determination of the slopes for after considera Jons. The 
survey for this object consists m making an accurate deVneation 
of all the water-courses above the summit level, and in ascer- 
taining the quantity of water which can be furnished by each io 
a given time. This survey, as well as the measurement of the 
quantity of water furnished by each stream, which is termed the 
gauging^ should be made in the driest season of the year, in or- 
der to ascertain the minimum supply. 

698. The usual method of collecting the water of the sources, 
and conveying it to the summit level, is by feeders and reser- 
voirs. The feeder is a canal of a small cross section, which is 
traced on the surface of the ground with a suitable slope, to 
convey the water either into the reservoir, or direct to the 
summit level. The dimensions of the cross section, and the 
longitudinal slope of the feeder, should bear certain relations to 
each other, in order that it shall deliver a certain Aipply in a 
given time. The smaller the slope given to the feeder, the lowel 
will be the points at which it will intersect the sources of suppl]^, 
and therefore the greater will be the quantity of water which it 
will receive. ' This slope, however, has a practical limit, which 
is laid down at four inches in 1000 yards, or nine thousand base 
to one altitude ; and «the greatest slope should not exceed that 
which would give the current a greater mean velocity than thir 
teen inches per second, in order that the bed of the feeder may 
not be injured. Feeders ate furnished, like ordinary canals, 
with contrivances to let off a part, or the whole, of the water in 
them, in cases of heavy rains, or for making repairs. 

But a small proportion of the water collected by the feeders 
is delivered at the reservoir ; the loss from various causes being 
much greater in them than in canals. From observations made 
on some of the feeders of canals in France, which have been in 
use for a long period, it appears that the feeder of the Briare 
canal delivers only about one fourth of the water it gathers from 
its sources of supply ; and that the annual loss of the two feed- 
ers of the Languedoc canal, amounts to 100 times the quantity 
of water which they can contain. 

699. A reservoir is a large pond, or body of water, held in 
lesei ve for the necessary supply of die summit level. A reser- 
roir is usually formed by choosing a suitable site in a deep and 
narrow valley, which lies above the summit level, and erecting a 
dam of earth, or of masonry, across the outlet of the valley, or 
at some more suitable point, to confine the water to be collected 
The object to be attained, in this case, is to embody the greatest 
voiume of water, and at the same time present the smallest 
evaporating suiface, at the smallest cost for the construction of 
the dam 
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It is generally deemed best tQ have two reservoirs for the sup- 
ply, one to contain the greater quantity of water, and the other 
^nich is termed the distributing reservoir, to regulate the sup* 
ply to the summit level. If, however, the summit level is very 
capacious, it may be used as the distributing reservoir. 

The proportion between the quantity of water that falls upon 
a given surface, and that which can be collected from it for the 
supply of a reservoir, varies considerably with the latitude, the 
season of the year, and the natural features of the locality. The 
drainage is greatest in high latitudes, and in the winter and spring 
seasons ; with respect to the natural features, a wooded surface 
with narrow and deep valleys will yield a larger amount than an 
open flat country. 

But few observations have been made on this point by engi- 
neers. From some by Mr. J. B. Jervis, in reference to tne 
reservoirs for the Chenango canal, in the state of New York, it 
appears that in that locality about two fifths of the quantity of 
ain may be collected for the supply of a reservoir. The pro- 
lortion usually adopted by engineers is one third. 

The loss 01 water from the reservoir by evaporation, filtration, 
and other causes, will depend upon the nature of the soil, and 
the exposure of the water surface. From observations made 
upon some of the old reservoirs in England and France, it ap> 
pears that the daily loss averages about half an inch in depth. 

7(X\ The dams of reservoirs have been variously constructed: 
in some cases they have been made entirely of earth, (Fig. 167;) 




/w^wwU/w/wwIm^ 



FSg. 167 — Repreflenta the aection of a dam with three discharging culyerts. 
A, body of the dam. 

ByPODd. 



s, 0, a^ cnhrefts, with valvee at their inlets, which discharge into the Teitical well b 
r, e* f • KTOOvea. in the facee of the side-walle, which form the entrance to the colverta, 

for fftmy-plank 
rf, elop-plaak dam acroa the ontlet of the bottom culvert, to dam back the water into 



the rettical well. 
ff, inrapet wall on top of the dam. 



m others, entirely of masonry ; and in others, of earth packed in 
between several parallel stone walls. It is now thougnt best to 
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MBe either earth or nias^nry alone, according to the circum 
stances of the case ; the comparative expense of the two meth 
ods being carefully considered. 

Earthen dams should ^e made with extreme care, of the besi 
binding earth, well freed from every thing that might cause fil- 
trations. A wide trench should be excavated to the firm soil, tc 
receive the base of the dam ; and the earth should be carefully 
spread and rammed in layers not over a foot thick. As a farthei 
precaution, it has in some instances been thought necessary to 
place a stratum of the best clay puddlii^ in the centre of the 
dam, reaching from the top to three or four feet below the base. 
The dam may be from fifteen to twenty feet thick at top. The 
slope of the dam towards the pond should be from three to six 
base to one perpendicular ; the reverse slope need only be some- 
what greater than the natural slope of the earth. 

The slope of dams exposed to the water is usually faced 
with dry stone» to protect the dam from the action of the surface 
ripple. This kind of facing has not been found to withstand 
well the action of the water when agitated by high winds. Upon 
some of the more recent earthen dams erected in France, a facing 
of stone laid in hydraulic mortar has been substituted for the one 
of dry stone. The plan adopted for this facing (Fig. 168) con- 

Fi|K. 168~Repre8eiit8 the method 
of facing the pond slope of a 
dam, with low walla placed in 
offsets. 

A, body of the dam. 

a, a. a, low waHs, the faces of 
which are built m ofisets. 

b, bf top surface of tlie offsets be- 
tween the walls, covered with 
stone slabs laid in mortar. 

C| top of dam faced like the off- 
sets 6. 
d, parapet wall. 

sists in placing a series of low walls, in offsets above each other, 
along the slope of the dam, covering the exposed surface of each 
ofiset, between the top of one wall and the foot of the next, with 
a coating of slab»stone laid in mortar. The walls are from five 
to six feet high. They are carried up in small offsets upon the 
face, and are made either vertical, or leaning, on the back. The 
width of the offsets of the dam, between the top of one wall and 
the foot of the next, is from two to three feet. 

An arched culvert, or a large cast*iron pipe, placed at some 
suitable point of the base of the dam, which can be closed or 
opened . bv a valve, will serve for drawing oS the requlsita 
supply of water, and for draining the reservoir in case o^ re» 
pain. 

The culvert should be strongly constructed, and toe eanfa 
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•round it be well puddled and rammed, to prevent filtrations 
Its size should be sufficient for a man to enter it with ease 
The valves may be placed either at the entrance of the culvert, 
or at some intermediate point between the two ends. Great 
care should be taken in their arrangement, to secure them from 
accidents. 

Whi n the depth of water m a reservoir is considerable, sevofa! 
culverts should be constructed, (Fig. 167,) to draw off the water at 
different levels, as the pressure upon the lower valves^in this case 
would be very great when the reservoir is full. They may be 
placed at intervals of about twelve feet above each other, and be 
arranged to discharge their water in a common vertical shaft. 
In this case it will be well to place a dam of timber at the outlet 
of the bottom culvert, in order to keep it jQUed with water, to 
prevent the injury which the bottom of it might receive from the 
water discharged from the upper culverts. 

The side walls which retain the earth at the entrance to the 
culverts, should be arranged with grooves to receive pieces of 
scantling laid horizontally between the walls, termed stop-planks, 
to ^orm a temporary dam, and cut off the water of tne reser* 
voir, in case of repairs to the culverts, or to the face of the 
dam. 

The valves are small sliding gates, which are raised and low- 
ered by a rack and pinion, or by a square screw. The cross 
section of the culvert is contracted by a partition, either of ma- 
sonry or timber, at the point where tlie valve is placed. 

701. Dams of masonry are water-tight walls, of suitable forms 
and dimensions to prevent filtration, and resist tlie pressure of 
water in the reservoir. The most suitable cross section . is that 
of a trapezoid, the face towards the water being vertical, and 
the exterior face inclined with a suitable batter to give the wall 
sufficient stability. The wall should be at least four feet thick 
at the water line, to prevent filtration, and this thickness may be 
increased as circumstances may seem to require. Buttresses 
should be added to the exterior facing, to give the wall greater 
stability. 

702. Suitable dispositions should be made to relieve the dam 
from all surplus water during wet seasons. For this purpose 
arrangements should be made for cutting off the sources of sup* 
ply from the reservoir ; and a cut, termed a waste-weir^ (Fig. 
169,) of suitable width and depth should be made at some point 
along the top of the dam, and be faced with stone, or wockI, to 
give an outlet to the water over the dam. In higli dams the 
total fall of the water should be divided into several partial falls, 
by dividing the exterior surface over which the water runs into 
offiiets. To break tlie shock of the water upon tlie horizonta 
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surface of tlie offset, it Hshould be kept covered with a sheet c^ 
water retained by a dam placed across its outlet 




Fig. ]G0--Reprei<ent8 a Bection of a waste- weir divided into two faUe. 

A, body of the dam. 

a, top of the waste-weir. 

fr, pool, formed by a stop-plank dam at c, to break the fall of the water. 

a, covering of loose stone to break tlie fall of the water from the pool above. 

703. In extensive reseiToirs, in whioh a large surface is ex- 
posed to the action of the winds, waves might be forced ovei 
the top of the dam, and subject it to danger ; in such cases the 

^recautio^ should be taken of placing a parapet wall towards 
the outer edge of the top of the dam, and facing the top through- 
out with flat stones laid in mortar. 

704. Lift of locks. From the preceding observations on the 
expenditure of water for the service of the navigation, it appears 
that isolated locks are more favorable under this point of view 
than locks in flights. The engineer is not, however, always left 
free to select between the two systems ; for the form of the 
natural surface of the ground may compel him to adopt a flight 
of locks at certain points. As to the comparative expense of the 
two methods, a flight is in most cases cheaper than the same 
number of single locks, as there are certain parts of the masonry 
which can be suppressed. There is also an economy in the 
suppression of the small gates, which are not needed in flights. 
It is, however, more difficult to secure the foundations of com* 
bined than of single locks from the effects of the water, which 
forces its way from the upper to the lower level under the locks. 
Where an active trade is carried on, a double flight is sometimes 
arranged ; one for the asce.iding, the other for the descending 
boats. In this case the water wUch fills one flight may, after 
^e passage of the boat, be partly used for the other, by an 
arrangement of valves made in the side wall separating the 
locks. 

The lift of locks h a subject of importance, both as regards 
ilie consumption of witer for the navigation, and the ecoDomy 
of construction. Locks with great lifts, as may be seen from 
the remarks on the passage of boats, consume more water than 
those with small lifts. They require also more care in thcii 
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construction^ to preserye them from accidents, owing to the grcr^ 
pressure of water against their sides. The expense of construe- 
tion is otherwise in their favor; that is, the expense will increase 
milli the total number of locks, the height to oe ascended being 
ilie sami>. The smallest lifts are seldom less than five feet, and 
the greatest, for ordinary canals, not over twelve ; medium lifts 
of seven or eight feet are considered the best under every point 
cf view. This is a point, however, which cannot be settled 
arbitrarily, as the nature of the foundations, the materials used, 
the embankments around the locks, the changes in the direction 
of the canal, caused by varying the lifts, are so many modifying 
causes, which should be carefully weighed before adopting a 
definitive plan. 

The lifts of a flight should be the same throughout ; but in 
isolated locks the hits may vary according to circumstances. If 
the supply of water from the summit level requires to be econo- 
mized with care, the lifts of locks which are furnished from i 
may be less than those lower down. 

705. Levels. The position and the dimensions of the levels 
must be mainly determined by the form of the natural surface. 
Those points are naturally chosen to pass from one level to 
another, or as the positions for the locks, where there is an ab 
rupt change in the surface. 

A level, by a suitable modification of its cross section, can be 
made as short as may be deemed desirable ; there being but one 
point to be attended to in this, w^jich is, that a boat passing be- 
tween the two locks, at the ends of the level, will have time to 
enter either lock before it can ground, on the supposition, that 
the water drawn off to fill the lower lock, while the boat is tra- 
versing the level, will just reduce the depth to the draught of the 
boat. 

706. Locks. A lock (Fig. 170) may be divided into three 
distinct parts : — 1st. The pait included between the two gates, 
which is termed the chamber, 2d. The part above the uppei 
fates, termed the fore, or head-bat/. 3d. The part below the 
lower gales, termed the aft, or tail-bat/. 

707. The lock chamber must be wide enough to allow an 
easy ingress and egress to the boats commonly used on the ca- 
nal; a surplus width of one foot over the width of the boat across 
the beam is usually deemed sufificient for this purpose. The 
length of the chamber should be also regulated by that of the 
boats ; it should be such, that when the boat enters the lock 
from Uie lower level, the tail-gates may be shut without requiring 
the boat to unship its rudder. 

The plan of the chamber is usually rectangular, as this form 
mp in every respe^^t, superior to all others. In the cross sectioD 
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■4 the chamber, (Fig. 171,) the sides receive f^enerally a slight 
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the ohunbei. 
A I A, chamber walk. 
B, chaiabei' focDMil with an inTectod-aioh tx 



batter ; as when bo arranged they are found to give greater fa- 
cility to the passage of the boat than when vertical. The bot- 
tom of the chamber is either flat or curved ; more water will be 
required to iill the flat-bottomed chamber than the curved, but it 
will require less masonry in its construction. 

708. The chamber is terminated just within the head gates by 
a vertical wall, the plan of which is usually curved. As this 
wall separates the upper from the lower level, it is termed the 
lift-wtdl ; it is usuaUy of the same height as the lift of the lev- 
els, 'i'lie top of the lift-wall is formed of cut stone, the vertical 
joints of which are normal to the curved face of the wall \ this 
top course projects from six to nine inches above the bottom of 
the upper level, presenting an angular point, for the bottom of 
the head-gales, when shut, to rest against. Tliis is termed the 
mUre-sill. Various degrees of opening have been given to the 
angle between the two branches of the mitre-sill ; it is, however, 
generally so determined, that the perpendicular of the isosceles 
triangle, formed by the two branches, shall vary between on^ 
fifth and -jne sixth of the base. 

As stone mitre-sills are liable to injury from the shock of the 
gate, they are now usually constructed of limber, {Fig, 172,) bv 

FifT. ITS— RrfK«ral> a rian of a wowleD mitiv- 
■ill, and a lioriiontiu aeclian of h tock-gat* 
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and firmlv Tulened to the Hda wait) A, A. 

rf, aeclioa or quoin poala of locli-cale. 



Iraming two strong beams with the proper angle for the gate 
vrlien closed, and securing them firmly upon the top of the lifi- 
trail. It will be well to place the top of the mitre-sill on the 
lift-wall a little lower than the bottom of the canal, to preserve 
it from being struck by the keel of the boat on entering, or 
leaving tlte lock. 

709. The cross section of the chamber walls is usually trape- 
■<Kdal ; the facing receives a slight batter. The cliamber walli 
42 
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ue exposed to twj opposite efforts , the watei in the Jock oq 
one side, and the emoankment again;$t the wall on the other 
The pressure of the embankment is the greater as wall as the 
more permanent effort of the two. The dimensions o{ the wall 
must be regulated by this pressure. The usual manner of doing 
this, is to make the wall four feet thick at the water line of the 
upper level, to secure it against filtration ; and then to determine 
tlie base of the batter, so that the mass of masonry shall presenl 
sufficient stability to counteract the tendency oi the prtsssure. 
The spread, and other dimensions of the foundations, will be 
reg.ulated according to the nature of the soil, in the same way 
as in other structures. 

710. The bottom of the chamber, as has been stated, may be 
either flat or curved. The flat bottom is suitable to very finu 
soils, which will neither yield to the vertical pressure of the 
chamber walls, nor admit the water to filter from the upper level 
under the bottom of the lock. In either of the contrary cases, 
the bottom should be made with an inverted arch, as this form 
will oppose greater resistance to the upward pressure of the 
water under the bottom, and will serve to distribute the weight 
of the walls over the portion of the foundation under the arch. 
The thickness of the masonry of the bottom will depend on the 
width of the chamber, and the nature of the soil. Were the 
soil a solid rock, no bottoming would be requisite ; if it is of soft 
mud, a very solid bottoming, from three to six feet in thickness, 
might be requisite. 

711. The principal danger to tlie foundations arises from the 
water which may niter from the upper to the lower level, under 
the bottom of the lock. One preventive for this, but not an ef- 
fectual one, is to drive sheeting piles across the canal at the o.nd 
of the head-bay ; another, whicli is more expensive, but more 
certain in its effects, consists in forming a deep trench of two or 
three feet in width, just under the head-bay, and fiUing it with 
beton, which unites at top with the masonry of tlie head-bay. 
Similar trenches might be placed under the chamber were it 
considered necessary. 

712. The lift-wall usually receives the same thickness as the 
chamber walls ; but, unless the soil is very firm, it would be 
more prudent to form a general mass of masonry under the en- 
tire head-bay, to a level with the base of the chamber founda- 
tions, of which mass the lift-wall should form a part. 

713. The head-bay is enclosed between two parallel walls, 
which form a part of the side walls of the lock. They are ter 
minated by two wing walls, which it will be found most eco- 
nomical to run back at right angles with the side walls. A i» 
ccti, termed the gate-chamber, is made Jx the wall of the head 
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bay : the depth of this recess should be sufficient to allow the 

Site, when open, to fall two or tliree inches within the facing of 
e wall, so tnat it may be out of the way when a boat is pass 
ing ; the length of tlie recess should be a few inches more than 
the width of the gate. That part of the recess where the gate 
turns on its pivot is termed the hollow quoin ; it receives what 
is termed the heel^ or quoin-post of the sate, which is made of a 
suitable form to At the hollow quoin. The distance between the 
hollow quoins and the face of the lift-wall will depend on the 
pressure against the mitre-sill, and the strength of the stone 
eighteen inches will generally be found amply sufficient. 

The side walls need not extend more than twelve inches be 
yond the other end of the gate-chamber. The wing walls may 
be extended back to the total width of the canal, but it wiU be 
more economical to narrow tlie canal near the lock, and to ex- 
tend the wing walls only about two feet into tlie banks, or sides. 
The dimensions of the side and wing walls of the head-bay are 
regulated in the same way as the chamber walls. 

The bottom of the hea^-bay is flat, and on the same level with 
the bottom of the canal ; the exterior course of stones at the en- 
trance to the lock should be so jointed as not to work loose. 

714. The gate-chambers for the lower gates are made in the 
chamber walls ; and it is to be observed, that the bottom of the 
chamber, where the gates swing back, should be flat, or he oth- 
erwise arranged not to impede the play of the gates. 

715. The side walls of the tail-bay are also a part of the gen- 
eral side walls, and their thickness is regulated as in the prece- 
ding cases. Their length will depend chiefly on the pressure 
which the lower gates throw against them when the lock is full ; 
and partly on the space required by the lock-men in opening and 
shutting gates manoeuvred by the balance beam. A calculation 
must be made for each particular case, to ascertain the most 
suitable length. The side walls are also terminated by wing 
walls, similarly arranged to those of the head-bay. The points 
of junction between the wing and side walls should, in both 
cases, either be curved, or the stones at the angles be rounded 
off". One or two perpendicular grooves are sometimes made in 
the side walls of the tail-bay, to receive stop-planks, when a 
temporary dam is needed, to shut oflf the water ot the lower level 
from the chamber, in case of repairs, &c. Similar arrangements 
might be made at the head-bay, but they are not indispensable 
in either case. 

The strain on the walls at the hoU w quoins is greater tlian ai 
any other points, owing to the pressure at those points from the 
fpites, when they are shut, and to the action of the gates whei 
m motion; to counteract this, and strengthen the walls^ but 
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tresFes should be placed at the back of the walla in the moH 
favorable position behind the quoins to subserve the object ia 
view. 

The bottom of the tail-bay is arranged, in all respects, like 
that of the head-bay. 

716. The top of the side walls of the lock may be from one 
to two feet above the general level of the water in the upper 
reach; the top course of the masonry being of heavy large 
blocks of cut stone, although this kind of coping is not indis- 
pensable, as smaller masses have been found to suit the same 

[)urpose, but they are less durable. As to the masonry of the 
ock, in general, it is only necessary to observe, that those parts 
alone need be of cut stone where there is great wear and tear 
from any cause, as at the angles generally ; or where an accu* 
rate finish is indispensable, as at the hollow quoins. The other 

Earts may be of brick, rubble, beton, &c., but every part should 
e laid in the best hydraulic mortar. 

717. The filling and emptying tlie lock chamber have given 
rise to various discussions and experiments, all of , which have 
been reduced to the comparative advantages of letting the watei 
in and off by valves made in the gates themselves, or oy culverts 
in the side walls, which are opened and shut by valves. When 
the water is let in through valves in the gates, its effects on the 
sides and bottom of the chamber are found to be very injurious, 
particularly in high lift-walls ; besides the inconvenience result- 
mg from the agitation of the boat in the lock. To obviate this, 
in some degree, it has been proposed to give the lift- wall the 
form of an inclined curved surface, along which the water might 
descend without producing a shock on the bottom. 

718. The side culverts are small arched conduits, of a circu- 
lar, or an elliptical cross section, which are made in the mass 
of masonry oi the side-walls, to convey the water from the up- 
per level to the chamber. These culverts, in some cases, run 
the entire length of the side walls, on a level with the bottom 
of the chamber, from the lift- wall to the end of the tail -wall, and 
have several outlets leading to the chamber. They are. arranged 
with two valves, one to close the mouth of the culvert, at the 
upper level, the other to close the outlet from the chamber, to 
the lower level. This is, perhaps, one of the best arraJigements 
for side culverts. They all present the same difficulty in making 
repairs when oui of oi der, and they are moreover very subject 
to accdents. They are therefore on these accounts inferior to 
valves in the gates. 

719. It has also been proposed, to avoid the inconveniences 
of culverts, and tlie disadvantages of hft-wa!ls, by suppressing 
the latter, and gradually increasing the depth of the upper level 
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Co llie bottom of tlie chamber. This melliod pr«seiil9 a ia>ing 
ia the mass of masonry, but the g.ites will coat more, as the 
head and tail gates must be of the same height. It would en* 
tirely remove the objection to valves in the gates, as the current 
through them, in this case, would not be sufficiently strong tc 
injure the masonry. 

720. The bottom of the canal below the lock should be pro 
tected by what is termed an apron, which is a covering of plank 
laid on a grillage, or else one of brush-wood and dry stone. The 
sides should also be faced with timber or dry stone. The length 
of this facing will depend on the strength of the current ; gene- 
lally not more than from fifteen 'o thirty feet from the lock will 
require it. The entrance to the head-bay is, in some cases, 
similarly protected, but this is unnecessary, as the current has 
but a very slight effect at that point 

721 . Locks constructed of tinober and dry stone, termed com- 
posite-locks, are to be met with on several of the canals of the 
United States. The side wails are formed of dry stone carefully 
laid ; the sides of the chamber being faced with plank nailed to 
horizontal and upright timbers, which are firmly secured to the 
dry stone walls. The walls rest upon a platform laid upon heavy 
beams placed transversely to the axis of the lock. The bottom 
of the chamber usually receives a double thickness of plank 
The quoin-posu and miue-sills are formed of heavy beams. 

722. Lock Gates. A lock gate (Fig. 173) is composed of two 
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Maves, each leaf consisting of a solid frame-work covered on 
the side towards the water with thick plank made water-tight. 
The frame usually consists of two uprights, of several horizon' 
tal cruBS pieces let into the uprights, and sometimes a dia^onaJ 
niene, <a brace, intended to keep the frame of an invanaUi 
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form, 18 added. The upright, around which the leaf tuins, texxnsd 
the qiioin or heel-post^ is rounded off on the back to fit in ths 
hollow quoin ; it is made slightly eccentric with it, so that it maj 
turn easily without rubbing against the quoin ; its lower end rests 
on an iron gudgeon, to which it is fitted by a corresponding in 
dentation in an iron socket on the end ; the upper extremity le 
secured to the side walls by an iron collar^ within which the post 
turns. The collar is so arranged that it can be easily fastened 
to, or loosened from two iron bars, termed anchor-irons, wliich 
are firmly attached by bolts, or a lead sealing, to ihe top course 
of the walls. One of the anchor-irons is placed in a line with 
the leaf when shut, the other in a line with it when open, to re • 
sist most effectually the strain in those two positions of the gate. 
The opposite upright, termed the mitre^posty has one edge oev- 
elled off, to fit against the mitre-post of the other leaf of the 
gate. 

723. A long heavy beam, termed a balance beamy from its 
partially balancing the weight of the leaf, rests on the quoin 
post to which it is secured, and is mortised with the mitre post. 
The balance beam should be about four feet above the top of the 
lock, to be readily manoeuvred ; its principal use being to open 
and shut the leaf. 

724. The top cross piece of the gate should be about on a 
level with the top of the lock ; the bottom cross piece should 
swing clear of the bottom of the lock. The position of the in- 
termediate cross pieces may be made to depend on their dimen- 
Mons : if they are of the same dimensions, tney should be placed 
learer together at the bottom, as the pressure of the water is 
there greatest ; but, by making them of unequal dimensions, 
they may be placed at equal distances apart ; tliis, however, is 
not of much importance except for large gates, and considerable 
depths of water. 

The plank may be arranged either parallel to the uprights, or 
parallel to the diagonal brace ; in the latter position they will act 
with the brace to preserve the form of thie frame. 

725. A wide board supported on brackets, is often affixed to 
the gates, both for the manoeuvre of the machinery of the valves, 
and to serve as a foot bridge across the lock. The valves are 
small gates which are arranged to close the openings made in 
the gates for letting in, or drawing off the water. I'hey are ar* 
ranged to slide up and down in grooves, by the aid of a rack and 
pinion, or a square screw ; or they may be made to open or shut 
by turning on a vertical axis, in which case they are termed par/* 
ille gates. The openings in tlie upper gates are made between 
the two lowest cross pieces. In the lower gates the openings 
are placed just below the surface of the water in the reaca. Tm 
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rite of the opening will depend on the time in which t is r« 
qiured to fill the lock. 

726. Accessory Works. Under this head arc classed thoM 
constructions which are not a part of the canal proper, although 
generally found necespary on all canals : as the culverts for con' 
vey?ng off the water courses which intersect the line of the canal; 
the inlets of feeders for the supply of water ; aqueiluct bridges, 
&c. &c. 

727. Culverts, The disposition to be made of water courses 
intersecting the line of the canal will depend on their size, the 
character of their current, and the relative positions of the canal 
and stream. 

Small biooks which lie lower than the canal may be conveyed 
under it through an ordinary culvert. If the level of the canal 
and brook is nearly the same, it will then be necessary to make 
the culvert in the shape of an inverted syphon, and it is therefore 
termed a broken-bcick culvert If the water of the brook is 
generally limpid, and its current gentle, it may, in the last case, 
be received into the canal. The communication of the brook, or 
feeder, with the canal, should be so arranged that the water may 
be shut off, or let in at pleasure, in any quantity desired. For 
tliis purpose a cut is made through the side of the ca.nal, and the 
sides and bottom of the cut are faced with masonry laid in hy-* 
draulic mortar. A sliding gate, fitted into two grooves made in 
the side walls, is manoeuvred by a rack end pmion, so as to reg- 
ulate the quantity of water to be let in. The water of the feeder, 
or brook, should first be received in a ba?in, or reservoir, near 
the canal, where it may deposite its sediment before it is drawn 
off. In cases where the line of the canal is crossed by a torrent, 
which brings down a large quantity of sand, pebbles, &c., it may 
be necessary to make a permanent structure over the canal, form- 
ing a channel for the torrent ; but if the discharge of the torrent 
is only periodical, a moveable chrnn^l may be arranged, for the 
same purpose, by constructing a boat with a deck and sides to 
form the water-way of the torrent. The boat is kept in a recess 
in the cai.al near the point where it is used, and is floated to its 
position, and sunk when wanted. 

728. AqueductSf ^c. When the line of the canal is intersect- 
ed by a wide water-course, the communication between the two 
shores must be effected either by a canal aqueduct bridge, or by 
the boats descending from the canal into the stream. As the 
construction of aqueduct bridges has already been considered 
nothing farther on this point need here be lu^ded. I'he expe- 
dient of crossing the stream by the boats may be attended with 
many grave inconveniences in water courses liable to freshets, 
or to considerable variations of level at different seasons. In 
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these cases locks must be so arranged on each side, where tht 
canal enters the stream, that boats may pass from the one to the 
other under all circumstances of difference of level between the 
two. The locks and the portions of the canal which join the 
stream must be secured against damage from freshets by suita* 
ble embankments ; and, when the summer water of the stream 
is so low that the navigation would be impeded, a dam across 
the stream will be requisite to secure an adequate depth of water 
during this epoch. 

729. Canal Bridges, Bridges for roads over a canal, termed 
canaUbridgeSy are constructed like other structures of the same 
kind. In planning them the engineer should endeavor to give 
sufficient height to the bridge to prevent those accidents, of but 
too frequent occurrence, from persons standing upright on the 
deck of the passage-boat while passing under a bridge. 

730. Waste-Wier, Waste-wiers must be made along the 
levels to let off the surplus water. The best position for them 
is at points where they can discharge into natural water courses. 
The oest arrangement for a waste-wier is to make a cut through 
the side of the canal to a level with the bottom of it, so that, in 
case of necessity, the waste-wier may also serve for draining the 
level. The sides and bottom of the cut must be faced with ma- 
sonry, and have grooves left in them to receive stop-plank, or a 
sliding gale, over which the surplus water is allowed to flow, 
under the usual circumstances, but which can be removed, if it 
be found necessary, either to let off a larger amount of water, oi 
to "drain the level completely. 

731. Temporary Dams, In long levels an accident happen- 
ing at any one point might cause serious injury to the navigation, 
besides a great loss of water. To prevent this, in some meas- 
ure, the width of the canal may be diminished, at several points 
of a long level, to the width of a lock, and the sides, at these 
points, may be faced with masonry, arranged with grooves and 
stop-planks, to form a temporary dam for shutting off the water 
on either side. 

732. Tidey or Guard Lock, The point at which a canal en- 
ters a river requires to be selected with judgment. Generally 
speakiiig, a bar will be found in the principal water course at, 
or below, the points where it receives its amuents. When tlic 
canal, therefore, follows the valley of an affluent, its outlet 
should be placed below the bar, tu render its navigation perma 
i:ently secure from obstruction. A large basin is usually formed 
at the outlet, for the convenience of commerce : and the entrance 
from this basin to the canal, or from the river to the basin, is ef- 
fected by means of a lock with double gates, so arranged that a 
boat can be passed either way, according as the level in the ont 
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IS higher or lower than thai in the other. A lock so arranged is 
termed a tide^ or guard locky from its uses. The position of 
the tail of this lock is not indifferent in all cases where it forms 
the outlet to the river ; for were the tail placed up stream, it 
would be more difficult to pass in or out, than if it were down 
stream. 

733. The general dimensions of canals and their locks in this 
country and in Europe, with occasional exceptions, do not differ 
in any considerable degree. 

English Canals, Two classes of canals are to be met with m 
England, differing materially in their dimensions. The following 
are the usual dimensions of the cross section of the largest size, 
and those of their locks : — 

Width of section at the water level, from 36 to 40 feel. 
Width at boUom, .... 24 

Depth, . > • . . • . 5 

Length of lock between mitre-sills, 75 to 85 

Width of chamber, . . . . 15 

The Caledonian canal, in Scotland, which connects Loch-£il 
on the Western sea with Murray Firth on the Eastern, is re- 
markable for its size, which will admiit of the passage of frigates 
of the second class. The following are the principal dimensions 
of the cross section of the canal and its locks : — 

Width of canal at the water level, 

Width at bottom, . .... 

Depth of water, .... 

Width of berm, 

Length of lock between mitre-sills, 

Width of chamber at top, 

Lift of lock, 

The side walls of the locks are built with a curved batter , 
they are of the uniform thickness of 6 feet, and are strengthened 
by counterforts, placed about 15 feel apart, which are 4 feet wide 
and of the same thickness. The bottom of the chamber is fonn 
ed with an inverted arch. 

French Canals. In France the followinjr uniform system has 
been established for the dimensions of canals and their locks •— - 

Width of canal at water level, . . 62 feet. 
Width at bottom, . . . . 33 to 36 
Depth of water, ..... 5 

Length of lock between mitre-sills, • 115 " 

Width of lock, 17 " 

The boats adapted to these dimensions are from 105 to lOti 
Eset long, 16^ feet across the beam, and have a draught of 4 fe«t' 
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The English and French canals usually have but oue tow-palk 
which is from 9 to 12 feet wide, and about 2 feet above the wa 
ter level. The side of the tow-path embankment next to the 
water-way is usually faced either with dry stone, masonry, ca 
planks retained by short piles. 

Canals of the United States and Canada, The original di 
mensions of the New- York Erie canal and its locks, have been 
generally adopted for similar works subsequently constructed in 

I most of the other states. The dimensions of this canal and it 

I locks are as follows : — 

Width of canal at top. 
Width at bottom, .... 
I Depth of water, .... 

Width of tow-path, .... 
Length of locks between mitre-sills, 
Width of locks, .... 

For the enlargement of the Erie canal, the following dimeii- 
ftions have been adopted :-^ 

Width of canal at top, 

Width at bottom, .... 

Depth of water, • . • • 

Width of low-path, .... 

Length of locks between mitre-sills. 

Width of lock at top, 

Width of lock at bottom. 

Lift of locks, 

Between the double locks a culvert is placed, which allowi 
the water to flow from the level above the lock to the one below, 
when there is a surplus of water in the fonner. 

A well, or pit, is left between the lift-wall of the lock and the 
cross wall which retains the earth at the head of the lock to the 
level of the bottom of the canal. This pit, receiving the deposite 
of sand and gravel brought down by the current, prevents it from 
obstructing the play of the gates. 

On the Chesapeakp and Ohio canal, the cross section of the 
canal below Harper's Ferry has received the following dimen- 
sions : — 

Width of canal at top, .... 60 feet. 

Width at bottom, .... 42 " 

Depth of water, 6 ** 

Length of locks between mitre-sills, . 90 " 

Width of locks, 15 " 

The following dimensions have been adopted on the Jamei 
liver canal, in Virginia : — 
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Width of canal at top. 
Width at bottom. 
Depth of water, 
Length of locks. 
Width of locks. 


50 feet. 

30 " 

5 " 

100 " 

15 " 
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Tlie Rideau canal, which connects Lake Ontario with th« 
River Ottawa, is arranged for steam navigation. A considerable 
portion of tl)is bne consists of slack-water navigation, formed by 
connecting the natural water-courses between the outlets of the 
canal. The length of the locks on this canal is 134 feet between 
the mitre-sills, and their width 33 feet. 

The Welland canal, between lakes Erie and Ontario, as origin- 
ally constructed, received the following dimensions : — 

Width of canal at top, .... 56 feet. 
Width at bottom, .... 24 

Depth of water, 8 

Length of locks bet wen mitre-sills, . 110 

Width of locks, 22 

The canals and locks made to avoid the dangerous rapids oi 
the St. Lawrence are in all respects among the largest in tlie 
world. The following are the dimensions of the portion of the 
canal and the locks between Long Sault and Cornwall : — 

Width of canal at top, . . ... 132 feet. 

Width at bottom, . . . . 100 " 

Depth of water, 8 " 

Width of tow-path, . . . . 12" 

Length of locks between mitre-sills, . 200 

Width of locks at top, . . . 56.6 

Width of locks at bottom, ... 43 

A berm of 5 feet is left on each side between the water way 
aiKl the foot of the interior slope of the tow-path. The height 
of the tow-path is 6 feet above the berm. By increasing the 
depth of water in the canal to 10 feet, the water line at top can 
be increased to 150 feet. 
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734. N Uural features of Rivers. All rivers present the same 
natural features and phenomena, which are more or less strongly 
marked and diversified by the character of the region through 
which they flow. Taking their rise in the highlands, and gradu- 
ally descending thence to some lake, or sea, their beds are mod* 
ified by the nature of the soil of the valleys in whicli they lie, 
and the velocities of their currents are affected by the same 
causes. Near their sources^ their beds are usually rocky, irregular, 
narrow, and steep, and their currents are rapid. Approaching 
their outlets, the beds become wider and more regular, the de- 
clivity less, and the current more gentle and uniform. In tlie 
upper portions of the beds, their direction is more direct, and the 
obstructions met with are usually of a permanent character, aris- 
ing from the inequalities of the bottom. In the lower portions, 
the beds assume a more tortuous course, winding through their 
valleys, and forming those abrupt bends, termed elbows^ which 
seem subject to no fixed laws ; and here are found those ob* 
structions, of a more changeable character, termed bars^ which 
are caused by deposites in tlie bed, arising from the wear of the 
banks by the current. 

735. The relations which are found to exist between the cross 
section of a river, its longitudinal slope, the nature of its bed, 
and its volume of water, are termed the regimen of the river. 
When these relations remain permanently invariable, or change 
insensibly with time, the river is said to have d^ fixed regimen, 

736. Most rivers acquire in time ^ fixed regimen, although 
periodically, and sometimes accidentally, subject to changes 
from freshets caused by the melting of snow, and heavy falls of 
rain. These variations in the volume of water thrown into the 
bed, cause corresponding ciianges in the velocity of the current, 
and in the form and dimensions of the bed. These changes wiE 
depend on the character of the soil, and the width of the valley. 
In narrow valleys, where the banks do not readily yield to the 
action of the current, the effects of any variation of velocity will 
only be temporarily to deepen the bed. In wide valleys, where 
the soil of the banks is more easily worn by the current than tlie 
bottom, any increase in the volume of water will widen the bed ; 
and if one bank yields more than the other, an elbow will be 
formed, and the position of the bed will be gradually sliifted tc^ 
wanls the concave side of the elbow 
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787. The formation of elbows occasions also variations in the 
iepth and velocity of the water. The greatest depth is found 
at the concave side. At the straight portions which connect two 
elbowg, the depth is found to decrease^ and the velocity of the 
current to increase. The bottom of the bed thus presents a se- 
ries of undulations, forming shallows and deep pools, with rapid 
ind gentle currents. 

738. Bars are formed at those points, where from any cause 
the velocity of the current receives a sudden check. The 
particles suspended in the water, or borne along over the bottom 
of the bed by the current, are deposited at these points, and con- 
tinue to accumulate, until, by the gradual filling of the bed, the 
water acquires sufficient velocity to bear farther on- the particles 
that reach the bar, when the river at this point acquires and re- 
tains a fixed regimen, until disturbed by some new cause. 

739. The points at which these changes of velocity usually 
take place, and near which bars are found, are at the junction of 
a river with its affluents, at those points where the bed of the river 
receives a considerable increase in width, at the straight portions 
of the bed between elbows, and at the outlet of the river to the 
sea. The character of the bars will depend upon that of the soi. 
of the banks, and the velocity of the current. Generally speak- 
ing, the bars in the upper portions of the bed will be composed 
of particles which are larger than those by which they are formed 
lower down. These accumulations at the mouths of large rivers 
form in time extensive shallows, and great obstructions to the 
discharge of the water during the seasons of freshets. The river 
then, not finding a sufficient outlet by the ordinary channel, ex- 
cavates for itself others through the most yielding parts of the 
depositee. In this manner are formed those features which char- 
acterize the outlets of many large rivers, and which are termed 
deltaf after the name given to the peculiar shape of the outlets 
of the Nile. 

740. River Improvements. There is no subject that falls with- 
m the province of the engineer's art, that presents greater diffi- 
culties and more uncertain issues than the improvement of rivers. 
Ever subject to important changes in their regimen, as the re- 
cions by which they are fed are cleared of Uieir forests and 
Brought under cultivation, one century see.3 them deep, flowing 
with an equable current, and liable only to a gradual increase in 
volume during the seasons of freshets ; while the next finds their 
beds a prey to sudden and great fresheti, which leave them, after 
iheir violent passage, obstructed by ever shifting bars and elbows. 
Besides these revolutions brought about in the course of years, 
every obstruction temporarily placed in the way of the current 
iKveiy attempt to guarcf one point from its action by any artificial 
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means, inevitably pioduces some coi responding change at anotber^ 
which can ft.^ldom be foreseen, and for which the remedy applied 
may prove but a new cause of harm. Thus, a bar removed from 
one point is found gradually to form lower down ; one bank pro* 
tected from the current's force transfei^ its action to the opposite 
one, on any increase of volume from freshets, widening the bed 
and frequently giving a new direction to the channel. Owing tc 
these ever varying causes of change,, the best weighed plans of 
river improvement sometimes result in complete failure. 

741. In forming a plan for a river improvement, the principal 
objects to be considered by the engineer, are, 1st, The means to 
be taken to protect the banks from the action of the current. 
2d, Those to prevent inundations of the surrounding country. 
3d, The removal of bars, elbows, and other natural obstructions 
to navigation. 4th, The means to be resorted to for obtaining a 
suitable depth of water for t oats, of a proper tonnage, for the 
trade on the river. 

742. Means for protecting the banks. To protect the banks, 
either the velocity of the cuirent in-shore must be decreased so 
as to lessen its action on the soil ; or else a facing of some ma- 
terial sufficiently durable to resist its action must be employed. 
The former method may be used when the banks are low and 
have a gentle declivity. The simplest plan for this purpose con- 
sists either in planting such shrubbery on the declivity as will 
tlirive near water ; or by driving down short pickets and interla- 
cing them with twigs, forming a kind of wicker-work. These con»- 
structions break t)ie force of the current, and diminish its velocity 
near the shore, and thus cause the water to deposite ifj finer par- 
ticles, which gradually fill out and strengthen the banks. Ii the 
banks are high, and are subject to cave in from the action of the 
current on tlieir base, they may be either cut dqwn to a gentle 
declivity, as in the last case ; or else they may receive a slope 
of nearly 45°, and be faced with dry stone, care being taken to 
secure the base by blocks of loose stone, or by a facing of brush 
and stone laid in alternate layers. 

743. Measures against inund^ions. At the points in the 
joure^- of a riv^^r where inundations a^e to be apprehended, *he 
water-way, if practicable, should be increased ; all obstructions 
to the free discharge of the water below the point should be re- 
moved ; and dikes of earth, usually termed levees, should be 
raised on each side of the river. By increasing the water-ivay a 
'emporary improvement only will be effected ; for, except in the 
season of freshets, the velocity of the current at this point will be 
so much decreased as to form deposites, which, at some future 
day, may prove a cause of damage. In confining the water he* 
tween levees, two methods have been tried ; the one consists is 
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leftTUiff a water-way Btrictly necessary for th? discharge of fresh- 
ets r the other in giving the stream a wide bed. The ro in Italy 
and the Mississippi present examples of the ormer method ; the 
efiert of whicn in ooth cases has been to laise the bed of the 
stream so much that in many parts the water is habitually above 
the natural surface of the country, leaving it exposed to serious 
rnundations should the levies give way. The other method 
Has been tried on the Loire in France, and observation has 
proved that the general level of the bed has not sensibly risen 
lor a long series of years ; but it has been found that the bars, 
which are formed aiter each freshet, are shifted constantly by 
ihe next, so that when the waters have subsided to their ordinary 
state, the navigation is extremely intricate from this cause. Other 
means have been tried, such as opening new channels at the ex* 

Cosed points, or building dams above them to keep the water 
ack ; but they have all been found to afford only a temporary 
relief. 

744. Elbows. The constant wear of the bank, and shifting 
of the channel towards the C9ncave side of elbows, have led to 
various plans for removing the inconveniences which they pre- 
sent to navigation. The method which has been most generally 
tried for this purpose consists in building out dikes, termed t£;in^- 
JcmSy from the concave side into the stream, placing them either 
at right angles to the thread of the current, or obliquely down 
ttr^iun, so as to deflect the current towards the opposite shore 




fig. 174- -Represents a section of the timber wing-danis on tlie Po, fonned of plank nodod 

on th« inclined pieces of the ribs. 
•k and I e, inclined facw of *he dain, the first making an angle of 63o» and tbe goom 

of 330 irith the horizon. 
4 and « pieces of the rib» 
f«i4# horizontnl pieces oonneeting the ribi. 
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Wing-dams are usually constructed either of blocks of stone 
<)f crib-work formed of heavy timbers filled in with broken stone 
or of alternate layers of gravel and fascines. Within a few years 
back, wing-dams, consisting simply of a series of vertical frames, 
or ribs, (Fig. 174,) strongly connected together, and covered on 
the up-stream side by thick plank, which present a broken in* 
clined plane to the current, the lower part )f which is less steep 
tlian the upper, have been used upon the Po, with, it is statea, 
complete success, for arresting the wear of a bank by the cur- 
rent. These dams are placed at some distance above the point 
to be protected, and their plan is sUghtly convex on the up-stream 
side. 

Wing-dams of the ordinary form and construction are now 
regarded, from the experience of a long series of years on the 
Rhine, and some other rivers in Europe, as little serviceable, if 
not positively hurtful, as a river improvement, and the abandon- 
ment of their use has been strongly urged by engineers in France. 

The action of the current against the side of the dam causes 
whirls and counter-currents, which are found to undermine the 
base of the dam, and the bank adjacent to it. Shallows and bars 
are formed in the bed of the stream, near the dam, by the d6bris 
borne along by the current after it passes the dam, giving very 
frequently a more tortuous course to the channel than it had na- 
turally assumed in the elbow. The best method yet found of 
arresting the progress of an elbow is to protect the concave bank 
by a facing of djy stone, formed by throwing in loose blocks of 
stone along the foot of the bank, and giving themvthe slope they 
naturally assume when thus thrown in. 

745. Elbows upon most rivers finally reach that state of de- 
velopment in which the wear upon the concave side, from the 
action of the current, will be entirely suspended, and the regi- 
men of the river at these points will remain stable. This stale 
will depend upon the nature of the soil of the banks and bed, 
and the character of the freshets. From observations made upon 
the Rhine, it is stated that elbows, with a radius of curvature of 
Clearly 3000 yards, preserve a fixed regimen ; and that the banks 
of those which have a radius of about 1500 yards are seldom 
injured if properly faced. 

746. Attempts have, in some cases, been made to shorten and 
straighten the course of a river, by cutting across the tongue of 
land that forms the convex bank of the elbow, and turning the 
water into a new channel. It has generally been found that the 
stream in time forms for itself a new bed of nearly the same char 
acter as it originally had 

747. Bars, To obtain a sufiJcient depth of water over bars, 
the deposite must either be scoo])ed up by machinery, and bt 
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conveyed away» or be removed by giving an increased velocity 
to tiie current. When the latter plan is preferred, an artificial 
channel is formed, by contracting the natural way, confining it 
between two low dikes, which should rise only a little above the 
ordinary level of low water, so that a sufficient outlet may be left 
for the water during the season of freshets, by allowing it to flow 
over the dams. 

If the river separates into several channels at the bar, dams 
should be built across all except the main channel, so that by 
throwing the whole of the water into it the effects of the current 
may be greater upon the bed. 

The longitudinal dikes, between which the main channel is 
confined, should be placed as nearly as practicable in the direc 
tion which the channel has naturally assumed. If it be deemed 
advisable to change the position of the channel, it should be shift- 
ed to that side of the bed which will yield most readily to the 
action of the current. 

748. In situations where large reservoirs can be formed near 
the bar, the water from them may be used for removing it. Foi 
this purpose an outlet is made from the reservoir, in the direction 
of the bar, which is closed by a gate that turns upon a vertical 
axis, and is so arranged that it can be suddenly thrown open to 
let off the water. The chase of water formed in this way sweep- 
ing over the bar will prevent the accumulation of deposites upon 
it. This plan is frequently resorted to in Europe for the removal 
of deposites that accumulate at the mouth of harbors in those lo- 
calities where, from tlie height to which the tide rises, a great 
head of water can be obtained in the reservoirs. 

749. In the improvement of the mouths of rivers which empty 
into the sea through several channels, no obstruction should be 
placed to the free ingress of the tides through all the channels* 
n the main channel is subject to obstiuctions from deposites, 
dams should be built across the secondary channels, which may 
be so arranged with cuts through them closed by gates, that the 
flood-tide will meet with no obstruction from the gates, while the 
ebb-tide, causins the gates to close, will be forced to rececie 
liirough the main channel, which, in this way, will be daily 
scoured, and freed from deposites by the ebb current. The same 
object may be effected by building dams without inlets across 
the secondary channels, giving them such a height that at a cer- 
tain stage of the flood-tide, the water will flow over them, and 
fill the channels above the dams. The portion of water thuc 
dammed m will be forced through the main channel at the ebb. 

750. When the bed is obstructed by rocks, it may be deepened 
\ry blasting the rocks, and removing the fragments with the 
nstance cif the diving-bell, and other machinery. 

44 
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751. In some of our rivers, obstructions of a ver\' dangerous 
character to boats are met with, in the trunks of' Urge trees 
which are imbedded in the bottom at one end, while the other is 
near the surface ; they are termed snags and sawyers by the 
boatmen. These obstructions have been very successfidiy re 
moved, within late years, by means of machinery, and by pro- 
pelling two heavy boats, moved by steam, which are connected 
by a ctrong beam across their bows, so that the beam will strike 
the snag, and either break it off near the bottom, or uproot it 
Other obstructions, termed raftSj formed by the accumulation of 
drift wood at points of a river's course, are also found in somt* 
of our western rivers. These are also in process of removal, by 
cutting through them by vsurious means which have been found 
successful. 

752. Slack' Water Navigation. When the general depth of 
water in a river is insufficient for the draught of boats of the 
most suitable size for the trade on it, an improvement, termed 
slack'WateTy or lock and dam navigation, is resorted to. This 
consists in dividing thp course into several suitable ponds, by 
forming dams to keep the water in the pond at a constant head ; 
and by passing from one pond to another by locks at the ends of 
the dams. 

753. The position of the dams, and the number requisite, will 
depend upon the locality. In streams subject to heavy freshets, 
it will j^enerally be advisable to place the dams at the widest 
parts of the bed, to obtain the greatest outlet for the water over 
the dam. The dams may be built either in a straight line be- 
tween the banks and perpendicular to the thread of the current^ 
or they may be in a straight line oblique to the current, or their 
plan may be convex, the convex surface being up stream, or it 
may be a broken line presenting an angle up stream. The three 
last forms offer a greater outlet than the first to the water that 
flows over the dam,, but are more liable to cause injury to the 
bed below the stream, from the oblique direction which the cur- 
rent m J V receive, arising from the form of the dam at top. 

•751. The cross section of a dam is usuallv trapezoidal, the 
face up-stream being inclined, and the one down-stream either 
% 3rlic.il 01 incli.ied. W'len ;he d >wn strea.Ti f^ce is. venxal, the 
velocity of the water which flows over the dam is destroyed by 
the shock against the water of the pond below the dam, but 
whirls are formed which are more destructive to the bed than 
would be the action of the current upon it along the inclined face 
of a dam. In all cases the sides and bed of the stream, for some 
distance below the dam, should be protected from the action of 
the current by a facing of dry stone, timber, or any other ooii* 
•traction of sufficient durability for the object in view* 
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755. Tlie dams should receive a sufficient height only to 
maintain the requisite depth of water in the ponds for the pui 
poses of navigation. Any material at hanci, offering sufficient 
durability against the action of the water, may be resorted to in 
cheir construction. Dams of alternate layers of brush and gravel, 
nrith a facing of plank, fascines, or dry stone, answer very well 
in gentle currents. If the dam is exposed to heavy freshets, to 
ahocks of ice, and other heavy floating bodies, as drift-wood, it 
would be more prudent to form it of dry stone entirely, or of 
crib-work filled with stone ; or, if the last material cannot be ob- 
tained, of a solid crib-work alone. If the dam is to be made 
water-tight, sand and gravel in sufficient quantity may be thrown 
in affainst it in the upper pond. The points where the dam joins 
the banks, which are termed the roots of the dam, require par- 
ticular attention to prevent the water from filtering around them. 
The ordinary precaution for this is to build the dam some dis 
tance back into the banks. 

756. The safest ineans of communication between the ponds 
is by an ordinary lock It should be placed at one extremity of 
the dam, an excavation in the bank being made for it, to secure 
it from damage by floating bodies brought down by the current. 
The sides of the lock and a portion of the dam near it should be 

aised sufficiently high to prevent them from being overflowed 
by the heaviest freshets. When the height to which the freshets 
nse is great, the leaves of the head gates should be formed of 
two parts, as a single leaf would, from its size, be too unwieldy ; 
the lower portion being of a suitable height for the ordinary man 
oeuvres of the lock ; the upper, being used only during the fresh- 
ets, are so arranged that their bottom cross pieces shall rest, 
when the gates are closed, against the top of the lower portions. 
An arrangement somewhat similar to this may be made for the 
tail gates, when the lifts of the locks are great, to avoid the diffi 
culty of manoeuvring very high gates, by permanently closing 
the upper part of the entrance to the lock at the tail gates, either 
by a wall built between the side walls, or by a permanent fram^• 
work, below which a sufficient height is left for the boats to pass. 

757. A common, but unsafe mothorl of j^assing from cne pond 
to another, is that which is termed flashing ; it consists of a 
sluice in the dam, which is opened and cidsed by means of a 

Sate revolving on a vertical axis, which is so arranged that it can 
e manoeuvred with ease. One plan for this purpose is to divide 
the gate into two unequal parts by an axis, and to place a valvo 
of such dimensions in the greater, that when opened the surface 
against which the water presses shall be less than that of the 
smaller part. The play of the gate Is thus rendered very simple ; 
when the valve is shut, the pressurp of water on the larger sur- 
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face closes it against the sides of the sluice ; when the v^Ve ti 
opened, the gate swings round and takes a po>ition in the direc- 
tion of the current. Various other plans for flashing, on sinr/Ilir 
principles, are to be met with. 

758. When the obstruction in a river cannot be overcome by 
any of the preceding means, as for example in those considerable 
descents in the bed known as rapids, where the water acquires 
a velocity 90 great that a boat can neyter ascend nor descend 
with safety, resort must be had to a canal for the purpose of 
uniting its navigable parts above and below the obstruction. 

The general direction of the canal will be parallel to the bed 
of the river. In some cases it may occupy a part of the bed by 
forming a dike in the bed parallel to the bank, and sufficiently far 
from it to give the requisite width to the canal. Whatever posi- 
tion the canal may occupy, every precaution should be taken to 
secure it from damage by freshets. 

769. A lock will usually be necessary at each extremity of the 
canal where it joins the river. The positions for the extreme locks 
should be carefully chosen, so that the boats can at all times en- 
ter them with ease and safety. The locks should be secured by 
guard gates and other suitable means from freshets ; and if they 
are liable to be obstructed by deposites, arrangements should be 
made for their removal either by a chase of water, or by ma- 
chinery. 

If tne river should not present a sufficient depth of water at 
all seasons for entering the canal from it, a dam will be required 
at some point near the lock to obtain the depth requisite. 

It may be advisable in some cases, instead of placing tlie ex- 
treme locks at the outlets of the canal to the river, to form a ca- 
pacious basin at each extremity of the canal between the lock 
and river, where the boats can lie in safety. The outlets from 
the basins to the rivers may eitiier be left open at all times, or 
else guard gates may be placed at them to shut off the watf^ 
during freshets. 
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SEACOAST IMPROVEMENTS. 

760. The following subdivisions may be made of the works 
belonging to this class of improvements. 1st. Artificial Road- 
steads. 2d. The works required for natural and artificial Har- 
bors. 3d. The works for the protection of the seacoast against 
the action of the sea. 

761. Before adopting any definitive plan for the improvement 
of the seacoast at any point, the action of the tides, currents, and 
waves at that point must be ascertained. 

762. The theory of tides is well understood ; their rise and 
duration, caused by the attraction of the sun and moon, are also de- 
pendent on the strength and direction of the wind, and the confor- 
mation of the shore. Along our own seaboard, the highest tides 
vary greatly between the most southern and northern parts. At 
Eastport, Me., the highest tides, when not affected by the wind, 
vary between twenty-five and thirty feet above the ordinary low 
water. At Boston they rise from eleven to twelve feet above 
the same point, under similar circumstances ; and from New- 
York, following the line of the seaboard to Florida, they seldom 
rise above five feet. 

763. Currents are principally caused by the tides, assisted, in 
some cases, by the wind. The theory of their action is simple. 
From the main current, which sweeps along the coast, secondary 
currents proceed into the hays^ or indentations, in a line more or 
less direct, until they strike some point of tlie shore, from which 
they are deflected, and frequently separate into several others, 
the main branch following the general direction which it had 
when it struck the shore, and the others not unfrequently taking 
an opposite direction, forming what are termed counter currents, 
and, at points where the opposite currents meet, that rotary mo- 
tion of the water known as whirlpools. The action of currents 
on the coast is to wear it away at those points against which 
they directly impinge, and to transport the debris to other points, 
thus forming, and sometimes removing, natural obstructions to 
navigation. These continual changes, caused by currents, make 
it extremely difficult to foresee their effects, and to foretell the 
consequences which will arise from any change in the directioui 
or the intensity of a current, occasioned by artificial obstacles. 

764. A good theory of waves, which shall satisfactorily ex- 
plain all their phenomena, is still a desideratum in science. It 
IB known that they are produced by 'vinds acting on the 8ur&c« 
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of the sea ; but how far this action extends below the surface 
and what are its effects at various depths, are questions that re> 
main to be answered. The most commonly received theory is^ 
that a wave is a simple oscillation of the water, in which each 
partide rises and falls, in a vertical line, a certain distance during 
each oscillation, without receiving any motion of translation in a 
horizontal direction. It has been objected to this theory that it 
tails to explain many phenomena observed in connection with 
waves. 

In a recent French work on this subject, its author, Colonel 
Emy, an engineer of high standing, combats tlie received theory ; 
and contends that tlie particles of water receive also a motion 
of translation horizontally, which, with that of ascension, causes 
the particles to assume an orbicular motion, £ach particle de- 
scribing an orbit, which he supposes to be elliptical. He farther 
contends, that in this manner the particles at the surface com- 
municate their motion to those just below them, and these again 
to the next, and so on downward, the intensity decreasing from 
the surface, without however becoming insensible at even very 
considerable depths ; and that, in this way, owing to the reaction 
from the bottom, an immense volume of water is propelled along 
the bottom itself, with a motion of translation so powerful as to 
overthrow obstacles of the greatest strengtli if directly opposed 
to it. From this he argues that walls built to resist the shock of 
the waves should receive a very great batir at the base, and that 
this batir should be gradually decreased upward, until, towards 
the top, the wall should project over, thus presenting a concave 
surface at top to throw the water back. By adopting this form, 
be contends that the mass of water^ which is rolled forward, as 
it were, on the bottom, when it strikes the face of tlie wall, will 
ascend along it, and thus gradually lose its momentum. These 
views of Colonel Emy have been attacked by other engineers, 
who have had opportunities to observe the same phenomena, on 
the ground that they are not supported by facts ; and the question 
still remains undecided. It is certain, from experiments- made 
by the author quoted upon walls of the form here described, that 
I they seem to answer fully their intended purpose. 

765. Roadsteads, The term roadstead is appUed to an in- 
dentation of the coast, where vessels may ride securely at an- 
chor under all circumstances of weather. If the indentation is 
covered by natural projections of the land, or capes, from the 
action of the winds and waves, it is said to be land-locked ; in 
tlie contrary case, it is termed an open roadstead. 

The anchorage of open roadsteads is often insecure, owing ta 
violent winds setting into them from the sea, and occasioning 
tiigh waves, which are very straining to the moorings. Tbe 
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temedy applied in this case is to place an obstruction, near the 
entrance oi the roadstead, to break tlie force of the waves from 
the sea. These obstructions, termed breakwaters, are artificial 
islands of greater or less extent, and of variable form, accordinfl 
to the nature of the case, made by throwing heavy blocks Oi 
stone into the sea, and allowing them to take their own bed. 

The first great work of this kind undertaken in modem times, 
was the one at Cherbourg in France, to cover the roadstead ic 
firont of that town. After some trials to break the effects of the 
waves on the roadstead by placing large conical shaped struc- 
tures of timber filled with stones across it, whjch resulted in 
failure, as these vessels were completely destroyed by subsequent 
storms, the plan was adopted of forming a breakwater by throw- 
ing in loose olocks of stone, and allowing the mass to assume the 
form produced by the action of the waves upon its surface. The 
subsequent experience of many years, during which this work 
has been exposed to the most violent tempests, has shown that 
the action of the sea on the exposed surface is not very sensible 
at this locality at a depth of about 20 feet below the water level 
of the lowest tides, as the blocks of stone forming this part 
of the breakwater, some of which do not average over 40 lbs. 
in weight, have not been displaced from the slope the mass 
first assumed, which was somewhat less than one peipendicular 
to one base. From this point upwards, and particularly between 
the levels of high and low water, the action of the waves has 
been very powerful at times, during violent gales, displacing 
blocks 01 several tons weight, throwing them over the top of the 
breakwater upon the slope towards the shore. Wherever this 

Eart of the surface has been exposed the blocks of stone have 
een gradually worn down by the action of the waves, and the 
slope has become less and less steep, from year to year, until 
finally the surface assumed a slightly concave slope, which, at 
some points, was as great as ten base to one perpendicular. 

The experience acquired at this work has conclusively shown 
that breakwaters, formed of the heaviest blocks of loose stone» 
are always liable to damage in heavy gales when the sea breaks 
over tliem, and that the only means of securing them is by cov 
ering the exposed surface with a facing of heavy blocks of ham 
mered stone carefully set in hydrauHc cement. 

As the Cherbourg breakwater is intended also as a military 
construction, for the protection of the roadstead against an ene* 
ray's fleet, the cross section shown in (Fig. 175) has been adopt* 
ed for it. Profiting by the experience of many years' observation^ 
t was decided to construct the work that forms the cannon battery 
of solid masonry laid on a thick and broad bed of beton. The 
top sur£Bce of the breakwater is covered with heavy loose blocki 
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of Btone, and the foot of the wall on the face is protectBd hj 
large blocks of uitificial stone formed of beton. The top of tM 
battery is about 1 2 feet abo?e the highest water level. 



FiK' ns — ReimMDts a Kctioa of the Cheibourg bnakwalar. 

A. roB» oT Btone. 

B, ballery oT maaoarj. 

The next work of the kind was built to cover the roadstead of 
Plymouth in England. Its cross section was, at first, made with 
an interior slope of one and a half base to one perpendicular, and 
an exterior slope of only three base to one perpendicular ; but 
from the damage it sustained in the severe tempests in the 
winter of 1816-17, it is thought that its exterior slope was too 
\brupt. 

A work of the same kind is still in process of construction on 
ouf coast, off the mouth of the Delaware. The same cross sec- 
tion has been adopted for it as in the one at Cherbourg. 

All of these works were made in the same way, discharging 
the stone on the spot, from vessels, and allowing it to take its 
own bed, except for the facing, where, when practicable, the 
blocks were carefully laid, so as to present a uniform surface to 
the waves. The interior of ihe mass, in each case, has been 
formed of stone in small blacks, and the facing of very large 
blocks. It is thought, however, that it would be more prudent 
to form the whole of large blocks, because, were the exterior to 
suffer damage, and experience shows that the heaviest blocks yet 
used have at times been displaced by the shock of the waves, the 
interior would still present a great obstacle. 

From the foregoing details, respecting the cross sections of 
breakwaters, which from experiment have been found to answer, 
the proper form and dimensions of the cross eeclion in similar 
cases may be arranged. As to the plan of such works, it must 
depend on the locality. The position of the breakwater should 
be chosen with regard to the direction of the heaviest swells from 
the sea, .nto tiie roadstead, — the action of the current, and thai 
of the waves. The part of the roadstead which it covers should 
afford a proper depth of water, and secure anchorage for vessels 
(rf the largest class, during the most severe storms ; and vessels 
■bould be able to double uie breakwater under all circunulaocei 



d£AC018T IMPROVEMENTS. 869 

ot Wind and tide. Such a position should, moreover, be choten 
that there will be no hability to qbstructions being formed within 
he roadstead, or at any of its outlets, from the change in the 
current which may be made by the breakwater. 

766. The difEculty of obtaining very heavy blocks of stone, 
oS well as (heir great cost, has led to the suggestion of substitu 
ting for them blocks of artificial stone, formed of concrete, which 
can be made of any shape and size desirable. This plan has 
been tried with success in several instances, particularly in a 
letty or mole, at Algiers, constructed by the French government 
The beton for a portion of this work was placed in Targe boxes, 
the sides of which were of wood, shaped at bottom to correspond 
to the irregularities of the bottom on which the beton was to be 
spread. The bottom of the box was made of stron|; canvass tar 
red. These boxes were first sunk in the position for which they 
were constructed, and then filled with the beton. 

767. Harbors. The term harbor is applied to a secure an- 
chorage of a more limited capacity than a roadstead, and there- 
fore offering a safer refuge during boisterous weather. Harbors 
are either natural^ or art^iciaL 

768. An artificial harbor is usually formed by enclosing a 
space on the coast between two arms, or dikes of stone, or of 
wood, leTtnedjetHeSf which project into the sea from the shore, 
in such a way as to cover the harbor firom the action of the wind 
and waves. 

769. The plan of each jetty is curved, and the space enclosed 
by the two will de.pend on the number of vessels which it may 
be supposed will be in the harbor at the same time. The dis- 
tance between the ends, or heads, of the jetties, which forms the 
mouth of the harbor, will also depend on local circumstances ; 
it should seldom be less than one hundred yards, and generally 
need not be more than five hundred. There are certain winds 
at every point of a coast which are more unfavorable than others 
to vessels entering and quitting the harbor, and to the tranquil- 
lity of its water. One of the jetties should, on this account, be 
longer than the other, and be so placed that it will both break 
the force of the heaviest swells from the sea into the mouth o^ 
^he harbor, and facUtate tliu ingress and egress of vessels, by 
peveating them fn.m being driven by the winds on the other 
jetty, just as they are entering or quitting the mouth. 

770. The cross section, and constniction of a stone jetty differ 
ai nothing from those of a breakwater, except that the jetty is 
usually wider on top, thirty feet being allowed, as it serves foi 
a wharf in unloading vessels. The head of the jetty is usually 
nade circular, and considerably broader than the other parts, as 
% in tome instances, receives a lighthouse, and a battery of 

45 
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non. It should be made with great care, of large blocks of stontt 
well united by iron, or copper cramps, and the exterior courses 
should moreover be protected by fender beams of heavy timber 
to receive the shock of floatini^ bodies. 

771. Wooden jetties are formed of an open frame work of 
heavy timber, the sides of which are covered on the interior by 
a strong sheeting of thick plank. Each rib of the frame 
(Fig. 176) consists of two inclined pieces, which form the sides 




Fig. 176— Represents a croas Bection of a wooden jetty. 

a, foundation pUes. 

b, inclined side pieces. 
■■■■ , . rk 

necesi 
e, struts. 



e. middle uprignt. 

a, crosB pieces bolted in pain. 



m, longitudinal pieces bolted in pain. 
0, parapet. 

f an upright centre piece, — ^and of horizontal clamping pieces, 
which are notched and bolted in pairs on the inclined and upright 
pieces ; the inclined pieces are farther strengthened by struts, 
which abut against them and the upright. The ribs are con- 
nected by large string-piecps, laid horizontally, which are notched 
and bolted on the inclined pieces, the uprights, and the clamping 
pieces, at their points of junction. The foundation, on wnich 
this framework rests, consists usually of three rows of large 
piles driven under the foot of the inclined pieces and the uprights. 
The rows of piles are firmly connected by cross and longitudinal 
beams notched and bolted on them ; and they are, moreover, 
firmly united to the framework in a similar manner. The inte- 
rior sheeting does not, in all cases, extend the entire length of 
the tides, but open spa'^es, termed clear-ways^ are often jcft, tt 
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jfive a fiee passage and spread to the waves confined between 
3ie jetties, for the purpose of forming smooth water in the chan 
ael. If the jetties are covered at their back with earth, the cleai 
ways receive tlie form of inclined planes. 

I'he foundation of the jetties requires particular care, espe- 
cially when the channel between them is very narrow. Loose 
stone thrown around the piles is the ordinary construction used 
for this purpose ; and, if it be deemed necessary, the bottom of 
the entire channel may be protected by an apron of brush and 
loose stone. 

The top of the jetties is covered with a flooring of tliick plank, 
which serves as a wharf. A strong hand railing should be 
placed on each side of the flooring as a protection against acci- 
dents. The sides of jetties have been variously inclined ; the 
more usual inclination varies between three and four perpendicu* 
lar to one base. 

T72. Jetties are sometimes built out to form a passage to a 
natural harbor, which is either very much exposed, or subject to 
bars at its mouth. By narrowing the passage to the harbor be- 
tween the jetties, great velocity is given to the current caused 
by the tide, and this alone will free the greater part of the chan- 
nel from deposites. But at the head of the jetties a bar will, in 
ilmost every case, be found to accumulate, from the current 
alonff shore, which is broken by the jetties, and from the dimin- 
ished velocity of the ebbing tides at this point. To remove these 
bars resort may be had, in localities where they are left nearly 
dry at low water, to reservoirs, and sluices, arranged with turn- 
ing gates, like those adverted to for river improvements. The 
reservoirs are formed by excavating a large basin in-shore, at 
some suitable point from which the collected water can be di- 
rected, with its full force, on the bar. The basin will be filled 
at flood-tide, and when the ebb commences the siuice gates will 
be kept closed until dead low water, when they should all be 
opened at once to give a strong water chase 

773. In harbors where vessels cannot be safely and conve- 
niently moored alongside of the quays, lar^e basins, termed wet^ 
docks y are formed, in which the watpr can be kept at a constant 
level. A wet-dock may be made either by an in-shore excavation, 
or by enclosing a part of the harbor with strong water-tight walls ; 
the hrst is the more usual plan. The entrance to the basin may 
be by a simple sluice, closed by ordinary lock gates, or by means 
of an ordinary lock. Wth the first method vessels can enter 
the basin only at high tide ; by the last they may be entered or 
passed out at any period of the tide. The outlet of the jock 
should be provided with a pair of guard gates, to be shut againif 
v^ery high tides, or in cases of danger from storms. 



356 SEAC0A8T IMPROTElfXNTS. 

T74. The construction of the locks for basins differs in notlorf 
in principle, from that pursued in canal locks. The sreaiesi 
care will necessarily be taken to form a strong mass free from aU 
danger of accidents. The gates of a basin-lock are made convex 
towards the head of water, to give them more strength to resist 
the great pressure upon them. They are hung and manoeuvred 
differently from ordinary lock gates ; the quoin-post is attached 
to the side walls in the usual way : but at the foot of the mitre- 
post an iron or brass roller is attached, which runs on an iron 
roller way, and thus supports that end of the leaf, relieving the 
collar of the quoin-post ^from the strain that would be otherwise 
thrown on it, besides giving the leaf an easy play. Chains are 
attached to each mitre-post near the centre of pressure of the 
water, and the gate is opened, or closed, by means of windlasses 
to which the other ends of the chains are fastened. 

775. The ouays of wet-docks are usually built of masonry. 
Both brick ana stone have been used ; the facing at least should 
be of dressed stone. Large fender-beanrs may be attached to 
the face of the wall, to prevent it from being brought in contact 
with the sides of the vessels. The cioss section of quay*walls 
should be fixed on the same principles as that of other sustaining 
walls. It might be prudent to add buttresses to the back of the 
wal. to strengthen it against the shocks of the vessels. 

776. Quay-walls with us are ordinarily made either by form- 
ing a facing of heavy round or square piles driven in juxtaposition^ 
which are connected by horizontal pieces, and secured nrom the 
pressure of the earth filled in behind them by land-ties ; or, by 
placing the pieces horizontally upon each other, and securing 
them by iron bolts. Land-ties are used to counteract the pres- 
sure of the earth or rubbish which is thrown in behind them to 
form the surface of the quay. Another mode of construction, 
which is found to be strong and durable, is in use in our Eastern 
seaports. It consists in making a kind of crib-work of large 
blocks of granite, and filling in with earth and stone rubbish. 
The bottom course of the crib may be laid on the bed of the 
river, if it is firm and horizontal ; m the contrary case a strong 
grillage, termed a cradle^ must be made, and be sunk to receive 
the stone work. The top of the cradle should be horizontal, and 
the bottom should receive the same slope as that of tlie b^, in 
order that when the stones are laid they may settle horizontally. 

777. Dikes, To protect the lowlands boraering the ocean firom 
inundations, dikes, constructed of ordinary earth, and faced to- 
wards the sea with some material which will resist the action of 
the current, are usually resorted to. 

The Dutch dikes, by means of which a large extent of country 
has been reclaimed and protected from the sea, are the most to 
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markable structiTes of this kind in existence. The cross section 
of those dikes is of a trapezoidal form, the width at top averaging 
from four to six feet, the interior slope being the same as the na- 
tural slope of the earth, and the exterior slope varying, according 
to circumstances, between three and twelve base to one perpendic- 
ular., The top of the dike, for perfect safety, should be about 
six feet above the level of the highest spring tides, although, in 
many places, they are only two or three above this level. 

The earth for these dikes is taken from a ditch in-shore, be- 
tween which and the foot of the dike a space of about twenty 
feet is left, which answers for a road. The exterior slope is va- 
riously faced, according to tlie means at hand, and the character 
of the current and waves at the point. In some cases, a strong 
straw thatch is put on, and firmly secured by pickets, or other 
means ; in others, a layer of fascines is spread over the thatch, 
and is strongly picketed to it, the ends of the pickets being al 
lowed to project out about eighteen inches, so that they can re- 
ceive a wicker-work formed by interlacing them with twigs ; 
the spaces between this wicker-work being filled with broken 
stone ; this forms a very durable and strong facing, which resists 
not only the action of the current, but, by its elasticity, the shocks 
of the Heaviest waves. 

The foot of tho exterior slope requires peculiar care for it? 
protection ; the shore, for this purpose, is in some places cover 
ed with' a thick apron of brush and gravel in alternate layers, to 
a distance of one hundred yards into the water from the foot of 
the slope. 

On some parts of the coast of France, where it has been found 
necessary to protect it from encroachments of the sea, a cross 
section has been given to the dikes towards the sea, of the same 
form as the one which the shore naturally takes from the action of 
the waves. The dikes in other respects are constructed and faced 
after the manner which has been so long in practice in Holland. 

778. Groins, Constructions, termed groins^ are used when- 
ever it becomee necessary to check the effect of the current 
along the shore, and cause deposites to be formed. These are 
artificial ridges which rise a few feet only above the surface of 
the beach, and are built out in a direction either perpendiculai 
to that of the shore, or oblique to it. They are constructed ei- 
ther of clay, which is well rammed and protected on tlie surface 
by a feeing of fascines or stones ; or of layers of fascines ; or of 
one or two rows of short piles driven in juxtaposition ; or any 
9ther means that the locality may furnish may be resorted to ; 
the object being to interpose an obstacle, which, breaking tlie 
force of the current, will occasion a deposite near it, and thus 
gradually cause l!ie shore to gain upon the sea. 
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779. Sea-walls. When the sea encroaches upon the lanj 
forming a steep bluflF, the face of which is gradually worn away 
a wall of masonry is the only means that will affora a permanent 
protection against this action of the waves. Walls made for this 
object are termed sea-walls. The face of a sea-wall should be 
constructed of the most durable stane in large blocks. The 
backing may be of rubble or of betoi. The whole work sho'ud 
be laid with hydravlic mortar. 
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jVblr A to Arts. Framing and Bridges, 

Tvhular Frames of Wrought Iron, — Except for the obvions application to 
Bteam boilere, sheet iron had not been considered as saitable for structurei 
demanding great strength, from its apparent deficiency in rigidity; and 
although the principle of gaining strength by a proper distribution of the 
material, and of giving any desirable rigidity by combinations adapted to the 
object in view, were at every moment acted upon, from the ever-increasing 
demands of the art, engineers seem not to have looked upon sheet iron as 
suited to such purposes, until an extraordinary case occurred which seemed 
about to baffle all the means hitherto employed. The occasion arose when it 
became a question to throw a bridge of rigid material, for a railroad, across 
the Menai Straits ; suspension systems, from their flexibility, and some actual 
failures, being, in the opinion of the ablest European engineers, unsuitable for 
this kind of communication. 

Robert Stephenson, who for some years back has held the highest rank 
among English engineers, appears, from undisputed testimony, to have been 
the first to entertain the novel and bold idea of spanning the Strait by a tube 
of sheet iron, supported on piers, of sufficient dimensions for the passage 
within it of the usual trains of railroads. The preliminary experiments for 
testing the practicability of this conception, and the working out the details of 
its execution, were left chiefly in the hands of Mr. William Fairbairn, to whom 
the profession owes many valuable papers and facts on professional topics. 
This gentleman, who, to a thorough acquaintance with the mode of conducting 
such experiments, united great zeal and judgment, carried through the task 
committed to him ; proceeding step by step, until conviction so firm took the 
place of apprehension, that he rejected all suggestions for the use of any 
auxiliary means, and urged, from his crowning experiment, reliance upon the 
tube alone as equal to the end to be attained. 

Numerous experiments were made by him upon tubes of circular, elliptical, 
end rectangular cross section. The object chiefly kept in view in theae 
experiments was, to determine the form of cross section which, when the tube 
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vas submitted to a cross strain, would present an equality of restatance n the 
parts brought into compression and extension. It was shown, at an early 
stage of the operations, that the circular and elliptical forms were too weak ir 
.he parts submitted to compression, but that the elliptical was the stronger ot 
he two ; and that, whatever form might be adopted, extraordinary means would 
be requisite to prevent the parts submitted tp^compreaslon from yielding, by 
** puckering " and doubling. To meet this last difficulty, the fortunate expedient 
was hit upon of making the part of the main tube, upon which the strain of 
compression was brought, of a series of smaller tubes, or cells of a curved or 
a rectangular cross section. The latter form of section was adopted de6nitively 
for the main tube, as h^iving yielded the most satisfactory results as to resist- 
ance ; and also for the smaller tubes, or cells, as most easy of construction and 
repair. 

As a detail of each of these experiments would occupy more space than can 
be given in this work, that alone of the tube which gave results that led to the 
forms and dimensions adopted for the tubular bridges subsequently constructed, 
will be given in this place. 

Model Tvbe. — ^The total length of the tube was 78 ft The distance, or 
bearing between the points of support, on which it was placed to test its 
strength, was 75 ft. Total depth of the tube at the middle, 4 ft 6^ in. Depth 
at each extremity, 4 ft Breadth, 2 ft 8 in. 

The top of the tube was composed of a top and bottom plate, formed of 
pieces of sheet iron, abutting end to end, and connected by narrow strips 
riveted to them over the joints. These plates were 2 ft 1 H in* wide. They 
were 6^ in. apart, and coimected by two vertical side plates, and five interior 
division plates, with which they were strongly joined by angle irons, riveted 
to the division plates, and to the top and bottom plates where they joined. 
Each cell, between two division plates ivnd the top and bottom plates, was 
nearly 6 in. wide. The sides of the tube were made of plates of sheet iron 
similarly connected ; their depth was 3 ft. 6| in. A strip of angle iron, bent 
to a curved shape, and running from the bottom of eaeh end of the tube to the 
top just below'the cellular part, was riveted to each side to give it stifirieas. 
Besides this, precautions were finally taken to stiffen the tube by diagonal 
braces within it The bottom of the tube was formed of sheets, abutting end 
to endu and secured to each other like the top plates ; a continuous joint, 
running the entire length of the tube along the centre lino of the bottom, wns 
secured by a continuous strip of iron on the under side, riveted to the plates 
on each side of the joint The entire width of the bottom was 2 ft 11 in. 

The sheet iron composing the top cellular portion was 0*147 in. thick ; that 
of the sides 0*099 in. thick. The bottom of the tube at the final experiments, 
to a distance of 20 ft on each side of the centre, was composed of two thick- 
nesses of sheet iron, each 0*25 in. thick, the joints being secured by strips 
above and below them riveted to the sheets ; tiie remainder, to the end of ths 
tube, was formed of sheets 0*156 in. thick. 

The total area of sheets composing the top cellular portion was 24*024 in*, 
that of the bottom plates at the centre portion, 22*450 in. 
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The general dimensioiui of the tube were one sixth thoae of the propoied 
nracture. Its weight at the final experiment, 13,020 lbs. 

The experiments, as already stated, were conducted with a view to obtala 
an equality between the resistances of the parts strained by compression and 
tliose extended ; with this object, at the end of each experiment, the parts 
torn asunder at the bottom were replaced by additional pieces of increased 
strength. 

The following table exhibits the results of the final experiments. 



Ha of ExperimoQU, 


Weight In Ibt. Deflection in inehes 


1 


20,006 


0-66 


2 


35,776 


0-78 


8 


48,878 


112 


4 


62,274 


1-48 


5 


77,634 


1-78 


6 


92,299 


2*12 


7 


103,560 


3-38 


8 


114,660 


2-70 


9 


132,209 


306 


10 


138,060 


3-23 


11 


143,742 


3*40 


12 


148,443 


3-68 


13 


163,027 


3-70 


14 


167,728 


3-78 


16 


161,886 


3*88 


16 


164,741 


3-98 


17 


167,614 


4-10 


18 


171,144 


4-23 


19 


173,912 


4-33 


20 


177,088 


i-47 


21 


180,017 


4-66 


22 


183,779 


4-62 


23 


186,477 


4-72 


24 


189,170 


4-81 


26 


192^92 





The tube broke with the weight in the 26th experiment; the cellular t<^ 
yielding by puckering at about 2 ft from the point where the weight wm 
^plied. The bottom and sides remained uninjured. 

The ultimate deflection was 4-89 in. 



Britannia TSibular Bridge, — ^Nothing further than a succinct description of 
thiji marvel of engineering will be Jittempted here, and only with a view of 
showing the arrangement of the parts for the attainment of the proposed end. 
ft differs in its general structure from the model tube, chiefly in having the 
bottom formed like the top, of reetangukir cells, and in thf means taken fot 
giving sUflhess to the sides. 
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The total distance spanned by the bridge is 1489 ft This is !i\ ded into 
four bays, the two in the centre being each 460 ft, and the one at each end 
230 ft. each. 

Tlie tube is 1624 ft long. Its bearing on the centre pier is 46 ft; that CQ 
tbe two intermediate 32 ft. ; and that on each abutment 17 ft 6 in. Th^ 
height of the tube at the centre pier is 30 ft ; at the intermediate piers 27 ft ; 
and at the ends 23 ft This gives to the top of the tube the ahape of • 
parabolic curve. 




Fig. 1— Representa a reiticftl crow Motion of tha Britannia Bridfa. 

A, interior of bridge. 

h, cells of top cellular beam. 

C» cells of bottom cellalar beam. 

Of top plates of top and bottom beams. 

h, bottom plates of top and bottom beams. 

c, dirision plates of top and bottom beams. 

d and c, strips riveted orer the joiDts of top and bottoir plntM. 

0, angle irons rireted to a, i, and c. 
f, plates of sides of the tube A, 

k exter Dr T irons riveted over vertical Joints of ^. 

1, Interior T irons riveted over vertical joints of jr» nd bent at the angles of A, wad 

beyond the second cell of the top beam, and be} ami the first of the bottom beaik 
«, tnangiUar pieces on each side oft, and riveted to thMS 
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The cellalar top (Fig. 1) is divided into eight cells B, by division plates d 
eonnect«d with the top a, and bottom 6, by angle irons o, riveted to the plates 
connected. The different sheets composing the plates a and b abut end to 
end lengthwise the tube ; and the joints are secured by the strips d and f, 
riveted to the sheets by rivets that pass through the interior angl« 
irons. 

The sheets of which this portion is composed are each 6 ft long, and 
1 ft 9 in. wide ; those at the centre of the tube are ijths of an inch thick ; 
they decrease in thickness towards the piers, where they are j^ths of an inch 
thick. The division plates are of the same thickness at the centre, and 
decrease in the same manner towards the piers. The rivets are 1 in. thick, 
and are placed 3 in. apart from centre to centre. The cells are 1 ft 9 in. by 
1 ft 9 in., so as to admit a man for painting and repairs. 

The cellular bottom is divided into six cells C, each of which is 2 ft 4 in. 
wide by 1 ft 9 in. in hejght To diminish, as far as practicable, the number 
of joints, the sheets for the sides of the cells were made 12 ft. long. To give 
bufficient strength to resist the great tensile strain, the top and bottom plates 
of this part are composed of two thicknesses of sheet iron, the one layer 
breaking joint with the other. The joints over the division plates are secured 
by angle irons o, in the same manner as in the cellular top. The joints 
between the sheets are secured by sheets 2 ft 8 in. long placed over them, 
which are fastened by rivets that pass through the triple thickness of sheets 
at these points. The rivets, for attaining greater strength at these points, are 
in lines lengthwise of the cell. The sheets forming the top and bottom plates 
of the cells are ^ths of an inch at the centre of the tube, and decrease to itha 
at the ends. . The division plates are \ths in the middle, and utha at the ends 
of the tube. The rivets of the top and bottom plates are 1} in. in diameter. 



Fig. 2. ^ ^ 
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Fig 8— Represents a horixoatal cross saetlon of the T irons and side plates. 

JD, cross section near centre of bf Idge. 

£, cross section near tlie piers. 

g^ plates of the sides. 

h, exterior T irons. 

{, Interior T irons. 

The sides of the tube (Fig. 2) between the cellular top and bottom are 
formed of sheets g", 2 ft wide ; the lengths of which are so arranged that 
tnere are alternately three and four plates in each pnnnel, the sheets of each 
pannel abutting end to end, and forming a contir uous vertical joint between 
the adjacent pannels. These vertical joints are secured by strips of iron, 
\ and i» of the T cross section, placed over each side of the joint, and 
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elampiDg the B.ie6t8 of the adjacent pannels between tleoi. fhe T iront 
within and without are firmly riveted together with 1 in. rivets, placed at 
3 In. between their centres. Over the joints, between the ends of the sheets 
in each pannel, pieces of sheet iron are placed on each side, and connected by 
rivets. Tlie sheets of the pannels at tiie centre of the tube are igths of an 
inch thick; they increase to {Jths to within about 10 ft of the piers, where 
their thickness is again increased ; and the T irons are here also increased in 
thickness, being composed of a strip of thick sheet iron, clamped between 
strips of angle iron which extend from tlie top to the bottom of the joints. 
The object of this increase of thickness, in the pannels and T irons at the 
piers, is to give sufficient rigidity and strength to resist the crushing strain at 
these points. 

The T irons on the interior are bent at top and bottom, and extended as 
far as the third cell from the sides at top, and to the second at bottom. The 
projecting rib of each in the angles is clamped between two pieces, n, of sheet 
iron, to wliich it is secured by rivets, to give greater stiffness at the angles of 
the tube. 

The arrangement of the ordinary T irons and sheets of the pannels is 
shown in cross section by D, Fig. 2 ; and that of the like parts near the piers 
by £J, same Fig. 

For the purpose of giving greater stiffness to the bottom, and to secure 
fastenings for the wooden cross sleepers that support the longitudinal beams 
on which the rails lie, cross plates of sheet iron, half an inch thick, and 10 in. 
in depth, are laid on the bottom of the tube, from side to side, at every fourth 
rib of the T iron, or 6 ft. apart These cross plates are secured to the bottom 
by angle iron, and are riveted also to the T iron. 

The tube is firmly fixed to the central pier, but at the intermediate piers and 
the abutments it rests upon saddles supported on rollers and balls, to allow 
of the play from contraction and expansion by changes of temperature. 

The following tabular statements give the details of the dimensions, weights, 
be, of the Britannia Bridge. 



tt 



M 



U 

l« 



«( 



Total length of eaeh tab* 

'* '* of tabes iVw 9^h line . • . 

Greatest sfkin of bay 

Hel|;ht of tubes at the mlndle. 

** " intermediate piers. 

" " ends 

Eztierae width of tabes 

Number of rivets In «)ne tube 

Compoted weight of tube 374 fl. lonf . 

3 tabes 374 ft lonR. 
1 tabe 473 A. long. . < 
3 tabes 473 ft long. 
1 tabe over pier 3Sft long 
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Formula for reducing the Breaking Weight of Wrought Iron Ththes, 

Repreaentingf by A, the total area in inches of the cross section of the metal. 
** ** 4> the total depth in inches of the tube. 

*^ ** If the length in inches between the points of support 

^ ** C, a constant to be determined by experiment 

" ** W, the breaking weight in tons. 

Then the relations between these elements, in tubes of cylindrical, eliipticaj 
and rectangular cross section, will be expressed by 

The mean value for C for cylindrical tubes, deduced from several experi- 
ments, was found to be 13'03; that for elliptical tubes, 15'8: and that fof 
'•etangular tabee, 31*6. 
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NoU B to Art RtadM. 



Plank-Roads. — A road ooyering, consisting; of thick boards, or plancii 
resting on longitadinal beams, or sleepers, and known as Plank-Roads^ has, 
within the past few years, been introduced among us ; and from its adaptation 
to our uncleared forest districts, its superior economy to the ordinary road 
coverings in such localities, and its intrinsic merits, aa fulfilling the requisites 
of a good road covering, is rapidly coming into extensive use throughout all 
^arts of our country. 

Fig A 
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Fig. B<~A plan of a plank road. 

• «, Imard rarfaee. 

h b, siUi. 

«, •funmer road. 

d d, side tnrfaeo drains. 



The method most generally adopted in constructing plank-roads consists m 
laying a flooring, or track, eight feet wide, composed of boards from nine to 
twelve inches in width, and three inches in thickness, which rest upon two 
parallel rows of sleepers, or sills, laid lengthwise of the road, and having their 
centre lines about four feet apart, or two feet from the axis of the road. Sills 
of various sized scantling have been used, but experience seems in favor of 
scantling about twelve inches in width, four inches in thickness, and in lengths 
of not less than fifteen to twenty feet Sills of these dimensions, laid flatwise, 
and firmly embedded, present a firm and uniform bearing to the boards, and 
distribute the pressure they receive over so great a surface, that, if the soil 
■pou which they rest is compact and kept well drained, there can be but litlk 
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•ettling Knd displacement of the road sarface, from the usual loads |iassing 
over it. The better to secare this uniform distribution of the prcBsute, the 
sills of one row are so laid as to break joints with the other ; and to 
prevent the ends of the sills from yielding the usua. precaution is taken to 
place short sills at the joints, either beneath the main sills, or on the same 
level with them. 

The boards are laid perpendicular to the axis of the road, experience having 
shown that this position is as favorable to their wear and tear as any other 
and is otherwise the most economical. Their ends are not in an unbroken 
line, but so arranged that the ends of every three or four project alternately, 
on each side of the axis of the road, three or four inches beyond those next to 
them, for the purpose of presenting a short shoulder to the wheels of 
vehicles, to facilitate their coming upon the plank surfuce, when from any 
eause they may have turned aside. On some roads the boards have been 
spiked to the sills; but this is, at present, regarded as unnecessary, the 
stability of the boards being best secured by well packing the earth between 
and around the sills, so as to present, with them, a uniform bearing surface to 
the boards, and by adopting the usual precautions for keeping the subsoil well 
drained, and preventing any accumulation of rain water on the surface. 

The boards for plank-roads should be selected from timber free from the 
usual defects, such as knots, shakes, &c., which would render it unsuitable 
for ordinary building purposes ; as durability is an essential element in the 
economy of this class of structures. So far as experience has furnished data, 
boards of three inches in thkkness offer all the requisites of strength and 
durability that can be obtained from timber in its ordinary state, in which it is 
used for plank-roads. 

Besides the wooden track of eight feet, an earthen track of twelve feet in 
width is made, which serves as a summer road for light vehicles, and as a turn 
out for loaded ones ; this, with the wooden track, gives a clear road surface of 
twenty feet, the least that can be well allowed for a frequented road. It is 
recommended to lay the wooden track on the right hand side of the approach 
of a road to a town, or village, for the proper convenience of the rural traffic, 
as the heavy trade is to the town. The surface of this track receives a cross 
slope from the side towards the axis of the road outwards of 1 in 32. The 
surfsce of the summer road receives a cross slope in the opposite direction of 
1 in 16. These slopes are given for the purpose of facilitating a rnpid surface 
drainage. The side drains are placed for this purpose parallel to the axis ol 
the road, and connected with the road surface in a suitable slope. 

Where, from the character of the soil, good summer roads cannot be had, 
it will be necessary to make wooden turn outs, from space to space, to 
prevent the inconvenience and delay of miry roads. This it is proposed to 
do by laying, at these points, a wooden track of double width, to enable 
rehicles meeting to pass each otl er. It is recommended to lay these turn 
outs on four or five sills, to spring the boards slightly at the centre, and spike 
their ends to the exterior sills. 

The angle of repose, bj whieh the grode of plank-roads should be regn- 
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Iftted, ha« not yet been determined by eiperiment; bnt as the wooden niiface 
k covered with a layer of clean sand, fine gravel, or tan bark, before it is 
thrown open to vehicles, and as it in time becomes covered with a permanent 
stratum of dust, dtc, it is probable that this angle will not materially diffei 
from that on a road with a broken stone surface, like the one of McAdam, Or 
of Telford, when kept in a thorough state of repair. 

In some of the earlier plank-roads made in Canada, a width of sixteen fed 
was given to the wooden track, the boards of which were laid upon four or 
five rows of sills ; experience soon demonstrated that this was by no means 
an economical plan, as it was found that vehicles kept the centre of the wooden 
surface, which was soon worn into a beaten track, whilst the remainder was 
but slightly impaired. This led to the abandonment of the wide track for tfae 
one now usually adopted, which answers all the ends of the wants of travel, and 
is much more economical, both in the first outlay and for subsequent renewals. 

The great advantages of plank-roads over every other kind, in a densely 
wooded country, for the rural traffic, are so obvious, that, did not experienee 
teach us by what mere accidents, apparently, improvements of the most 
important kind have been suggested and carried into eifect, it might be a 
subject of astonishment that they had not been among the first to be intfie* 
daced, after a trial of the old corduroy road, so generally resorted to in tbe 
saily sUges of road-making in this eoantry. 
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NtftB C to Arts. 441 and 442. 

Methods of describing Curves composed of Arcs cf Circtes, — Tt« span and 
me of an arch being given, together with the directions of the tangents to the 
eorve at the apringiog lines and crown, an infinite number of curves, composed 
of arcs of circles, can be determined, which shall satisfy the conditions of form- 
ing a continuoos enrve, or one in which the arcs shall be consecutively 
tangent to each other, and such that those at the springing lines and the 
frown shall be tangent to the assumed directions of the tangents to the curve 
at those points. To give a determinate character to the problem, in each 
particular case, certain other conditions must be imposed, upon which the 
Boltttion will depend. 

When the tangents to the curve at the springing lines and crown are 
respectively perpendicular to the span and rise, the curve satisfying the above 
general conditions will belong to the class of oval or basket-handle curves ; 
when the tangents at the springing lines are perpendicular to the span, and 
those at the crown are oblique to the rise, the curves will belong to the class 
of pointed or obtuse curves. 

In the class of ovals, when the rise is not less than one third of the span, 
the ovnl of three centres will generally give a curve of a more pleasing form 
to the eye than one of a greater number of centres : when the rise is less than 
a third of the span, a curve of five, seven, or a greater odd number of centres 
will give, under this point of view, a more satisfactory solution. In the 
pointed and obtuse curves the number of centres is even, and is usually 
reetricted to four. 

Three Centre Curves, To obtain a determinate solution in this case it will 
be necessary to impose one more condition, which shall be compatible with 
the two general ones of having the directions of the tangents at the springing 
lines and crown fixed. One of the most simple, and at the same time 
admitting of a greater variety of curves to choose from, is to assume the radius 
of the curve at the springing lines. In order that this condition shall be eom- 
natible with the other two, the length assumed for this must lie between zero 
and the rise of the arch ; for were it zero there would be but one centre, and 
If taken equal to the rise the radius of the curve at the crown would be 
infinite. 

Let A D (fig. A) be the half span, and A C the rise. Having prolonged C A 
indefinitely, take any distance less than A C, and Rotit c jf from D to R, along 
AD; and from C to P, lonir A C. Join R and P, which distance bisect by a 
perpendicular. Prolong the perpendicular, to intersect the indefinite prolongp 
ation of C A. Through this point of intersection S, and the point JR, draw an 
Indefinite line. From 12, as a centre, with the radius R 2>, describe an arc, 
which prolong to Q to intersect Sf R prolonged. From ;9, as a centre, with the 
radias 8 Q, describe an arc, which, from the construction, must pass throngk 
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the point C, and be tangent to the first arc at Q. The centres R and 8, thu 
determined^and the caire DDC deduced from them, will aatiafy the imposed 




FIf. A. 

The two following oonstnietions, from their simplicity and the agreeiolt 
form of curve which they produce, are in frequent use. The first consists in 
imposing the condition that each of the three arcs shall be of 60^; the second, 

that the ratio — between the radii of the arcs at the crown and springing line 

shall be a minimum. 

To construct the curve satisfying the formed condition, let A B be the 
half span, and ii C the rise. With the radius A B describe A a of 90^— eet 
off on it B 6 ^ 60°r-draw the lines a h^ h B and A 6, — from C draw a 
parallel to a 5, and mark its intersection c with h B, — from cdraw a parallel to 
A 6, and mark its intersections N and O with A B, and C A prolonged. From 
N with the radius N B describe the arc B e, — ^from O Vith the radius O e 
describe the arc C e. The curve Be C will be the half of the one satisfying 
the given conditions ; and N and O two of the centres. 

To construct the carve satisfying the second condition, or d I — I =so. Let 

A D be the half span, — A C the rise. Draw D C, and from C set off on it 
C dss C a, equal to the difference between the half span and rise. Bisect 
(he distance D dhy a. perpendicular, which prolong to intersect D A, and 
C A prolonged, at R and 8, — ^from these points, as centres, with the radii 
R D and 8 Q, describe the arcs D Q and Q C; and the curve D Q C wfll 
be the half of the one required. 

The analysis, from which the abrve result is obtained, is of a very simple 
character ; for designating by JR ■• £f C the greater radios, bj r mm RD tht 
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e8ier»— by as=AD the half span, and by 6 = A C the rise, then roniltib 
from the right angled triangle SAR^ 

8R* — AS^+AR*, 

from which Is obtaiiwd 

R a* f a* — 2ji^ 



r (2b — 2r)r 

DifibrentUtiL^ thia expression, and placing its first differential eo^ 



(4) 



ar 



0, there results, after the terms 



efficient equal to zero, or making 
are reduced, 

Va* + 6« =s DC, and ^^a« + 6« — (a — 6) =s 2W, hence the given constroc- 
tion for the centres required. 

By eomparing the two methods just explained, for the same span and rise 
it will be seen that the former giTCs a curve in which the lengths of the arcs 
differ less than in the latter, and which is therefore more agreeable to the 
eye. 



Obtuse and Pointed Curves ofFouf 
C«i/re». — Let A B be the half 
span^ — A C the rise of the required 
curve^ — and C D the direction of the 
tangent to it at the crown. At C 
draw a perpendicular to C D, Take 
any point JR on A B, such that R B 
shall be less than the perpendicular 
R bf from R upon the tangent C D. 
From C, on the perpendicular to 
C Dj set off C d, equal to the 
assumed distance R B, — draw R d^ 
and bisect it by a perpendicular,— 
which prolong to intersect the one 
from C at the point $, — through S 
and R draw a line, — from jR, with the 
radius R B, describe an arc, which 
prolong to Q, to intersect the line 
through £f and JR, — from fil with the 
radius 8 Q, describe an arc, which 
wil. be tangent to the first at Q, and pass through C. The curve B Q C 
wOl be the half of the one required to satisfy the given conditions. 
The analogy between this instruction and the one fint given for three 
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centre cuires will be readiljr seen by comparing the eonstractione for the twe 
Five Centre Oval Curves^ 4«. When the rise is less than one third of the 
span, it is found that oval carves of a pleasing shape cannot be obtained by 
nsing only three centres, and five, or a greater odd number of centres must be 
resorted to. Besides the two gener&l conditions common to all ovals, a 
greater number of particular ones must be imposed, as the number of centres 
is increased, restricting them within the limits of compatibility with each other 
and with the two common to all. By imposing, for example, on the oval of 
five centres, the conditions that the radii of the two consecutive arcs from the 
springing line shall be assumed as the particular conditions, a very simple 
construction, analogous to the one for ovals of thiee centres, will show the 
limits within which these must be restricted, not to interfere with the others 
that are common to all. Without stopping to illustrate this by an example, 
which will present no difficulty to any one tolerably conversant with the 
elements of geometry to make out alone, a more general netbod will be given, 
applicable alike to all curves of this class. 

The half span and rise being given, let it 
be required to determine an oval of five 
centres with the particular conditions, that 
the radii of the consecutive arcs, from the 
springing line towards the crown, shall be 
in an increasing geometrical progression,— 
in which case the curvatures of the arcs 
> will be in a decreasing geometrical pro^ 
gression — and the lengths of the consecutive 
arcs shall increase in a given ratio. Desig- 
nate the half span A9 by p (Fig. C), the 
rise by 7, — the ratio of the radii by m, — 
the ratio of the arcs by n, and the number 
of degrees in the arc at the springing line 
by a. Suppose the centres O, P and Q 
found, and draw PS perpendicular to A A 
— and PR perpendicular to BC produced. 
The radii OA, PE and QD will be re- 
presented respectively by r, rm, and rw"y— 
and the angles A0£, EPD, and DQC^ 
between them by 

n , «* 

tf, a—-, and a—; — 

m tnr 

now, from the properties of the figure, the 
following equations are obtained 




fic«o* 



aA-a — A-a 

mm* 



(tiy 



BCaBjaem*— (PS-f- Q«), 



(B) 
(P> 



APPBKDIZ. 873 

From the right angle triangle OPS, and PQRj there resnlts, 

OS ^ OP C08. a = (rm — r) cos. a ; 
PS = OP sin. a = (rm — r) sin. a ; 

PR = PQeo^(a + a f- (rm» — rm) cos. (a-ha — ); 

Q« a» PQ MB. jfa + a~^ as (rm«— rm) sin. fa + a—) 
^ salwUtating theee values in equations (B) and (C), there results, 
pssr < l + (m — 1) cos. a +(m'—m) cos. ^—^\ ai (E) 

a^r |m»— (m— l)8iii.a-.(m*— «)sin. /2Z?\ ai; (F) 

and by redoctioD, equation (A) becomes, 

(m — n) m* 



11^ •— 1^ 



90<*; (G) 



The equations (£)» (P) and (G) express, therefore, the relations which Auh 
list between the six quantities p^ q, r, a, m and n when the imposed conditions 
ire satisfied. Let three of these quantities as m, n and r be assumed, the 
others will be found from the three equations in question ; that is the span, 
rise, and number of degrees in the arc at the springing line, which correspond 
to the given values. 

p 
From the solution here given, the ratio of p to ^ or -^ is found ; but as the 

p 
rise and span are usually a part of the data, this ratio -^ may be different 

h 
from that — of the given half span 5, and rise c ; in which case it will be 
c 

necessary to assume new values for the quantities m, n, and r, and find the 

p 
corresponding values ofpf q, and a, until the ratio — is equal to, or nearly the 

game as — , When a suitable approximation has been obtained, it will b« 

3a8y to find a curve which shall differ but little from the required one, acd 

b 

whose half span and rise shall have the required raUo — , 

c 

To effect this, let x be the quantity which must be added to p end ^ 
respectively, to make their ratio ti.e same as that of 6 to c; this coudltlon wil' 
be expressed by the equation. 
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e q + x' 
Acm whieh there rasalU 

pc — g6 

**Tirr' ^ ' 

if now this quantity be set off from A to 3f (Fig. C), and from C to AT, and 
a new ciyve AN be deaeribed from the same centrea O, P and Q, it will ba 
parallel to the curve AC^ whose half span and rise are p and q^ and the half 
spao BMj and riae BNt will have the same ratio aa ft to c. To pass from this 
enrve to a similar one, described on the given half span &, and rise e, it will be 
only necessary to multiply each line of the figure QPOMN by the ratio 



or, subatitiittng for or ita value, as determined in equation (H), by 

since the figures being similar, theb homologous lines are proportional, or, for 
eiample^ 

b 
9+»:b:: OM: —r— OM; 

which will give the line, corresponding to OM^ in the figure of which 6 is the 
half span, and c the rise. 

The method here explained may be applied to any number of centres, but 
where the rise is less than one-fourth of the span, an oval of five eentres will 
be found to answer fully all the required conditiona. 

There are other methods of describing the oval of five, or a greater number 
of centres, which are rather more simple for calculation than the general 
method just given. 

By assuming, for example, the greatest and smallest radii within suitable 
limits, the intermediate radius may receive the condition of being a mean 
proportional between these two; or designating it by a?, there will result 
X ae ^Axr ; — R being the greatest radius, and r the least Having found x, 
the position of the intermediate centre P is found, by describing an are from 
Q with a radius R — a;, and another from O with a radius x — r, and taking 
their point of intersection P. 

A sunilar process might be followed for an oval of seven eentres, by finding 
the two intermediate terms of a geometrfical progression, of which r and K sie 
the two extremea 
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Note D io Art ^\2. 

Niagara RaHiroad and Btghway Suspension Bridge. — ^This remarkable structare^ 
like the Aqueduct suspeDsion bridge at Pittsburgh, was constructed hy Roebliug; 
and, for boldness of plan, and skill in the execution of its details, is every way worthy 
of the professional ability of this distinguished engineer. 

Designed to afford a passage-way over the Niagara river, both for railroad and com- 
mon road traffic, it consists essentially of two platforms (Fig. A) one above the other, 




Fig. Av— CroM 

nlhniy tnok and beams. 
I lower pUitform ftir commoa road. 
^ diagonal trnaa. 
^ parapet. 

lower roadway bearera. 

upper roadway bearers. 

lower flooring'. 

upper flooring. 



aeetion of Niagara Bridge. 

C, lower main cables. 
C', upper main oablea. 

D, Buspenslon ropes. 

E, wrought-Iron braoea. 
p, woodea braces. 

C, beams of longltadlnal railway beanrs. 

H, lon^tndlnaL braces between roadway bearaa 

14^ horizontal rail between posts. 
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and about fifteen feet apart; the upper serving as the railroad track, and the lower 
fer ordinary vehicles ; the two being connected by a lattice girder on each side ; and 
the whole bridge-frame being suspended from four main wire cables, two of which are 
connected with the upper platform, and two with the lower, by suspension rods and 
wire ropes attached to the roadway bearers, or joists of the platforms. 

Each platform consists of a series of roadway bearers in pairs; the lower covered 
by two thicknesses of flooring-plank, the upper by one thickness ; the portion of 
the latter immediately under the railroad track having a thickness of four inchea, tani^ 
the remainder on each side but two inches. 




) xaa^ N1gjt=zi1a 




I\g B.— filde eI«yatlon of Nlagira bridfs. 

A', A', ends of roadway bearers. 

D, parapet. 

M poets in pairs. 

N, roil between posts. 

T, diagonal iron brace-rods. 

The lattice-girders consist of vertical posts in pairs, the ends of which are clamped 
between the roadway bearers ; aud of diagonal iron-wrought rods with screws at each 
end, which" pass through cast-iron plates fastened above the roadway bearers of the 
upper platform, and below those of the lower, and are brouglit to a proper bearing 
by nuta on each end. A horizontal rail of timber is placed between the posts of 
the lattice at their middle points, to prevent flexure. 

The roadway bearers and flooriog of the upper platform are solidly clamped be' 
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tween foar solid buQt beams or girders ; two above the flooring, which rest od cross 
supports ; and two, corresponding to those above, below the roadway bearers ; the 
upper and lower corresponding beams, with longitudhial braces in pairs between the 
roadwaj bearers and resting on the lower beams, being firmly connected by screw- 
bolts. The rails are laid upon the top beams. 

A strong parapet, on the plan of Howe's truss, is placed on each side of the 
upper platform. 

Wrought-iron and wooden braces connect the posts and the two platforms. 

The piers (Fig. C.) consist of four obelisk-shaped pillars, which are sixty feet high ; 
the base of each being a square of fifteen feet sides ; and the top one of eight feet 



Fig. G.-- Bnd etovatlon of piers and oonnect- 
Ing arch of bridge. 

A, shaft of the pier. 

B, podeetaL 

C, oonnccting arch. 

0, arched way for oommon road. 




tides. The pedestal of each pillar is a square of about seventeen feet side at top, 

12 

and having a batir of one foot vertically to one horizontally, or -p, on each of its 

faces. The height of the pedestals on the United States side of the river being 
twenty-eight feet^ and on the Canadian side eighteen feet An arch-way below the 
level of the railroad connects the two pedestals. 

The main cables pass over saddles placed on rollers, on the tops of the piers, and 
they are fastened at their ends (Fig. D) to chains formed of links of wrought-iron 
bars, which, passing through abutments of masonry, and down into shafls made into 
the solid rock below, are there each firmly attached to an anchoring plate of cast-iron. 

Besides the usual suspending-rods of the bridge, a number of wire ropes, termed 
over-floor vtayi, connect the portions of the upper platform adjacent to the piers with 
the saddles at the top of the piers ; and the lower platform is in like maimer oon> 
nected with the rocky banks of the river, by a number of like stays. The object 
Df both being to resist the action of high winds upon the platform, and to give the 
bridge more rigidity. 

Each of the main cables is formed of seven smaller ones or tirands. The whole 
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bound together in the usual manner by a wire wrapping. Each strand contains 62C 
wires in its cross-section^ sixty of which make an area of one square inch. 
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Fig. D.--8ide Tlew of anchor duln. 

A, masonry of battresa. . 

B, natural rook bed. 

C, fthaft and masonry for chains. 
Of anchoring plate. 

The main cables to which the roadway bearers of the upper platform are attacheu, 
are deflected laterally twoards the axis of the bridge^ and thus limit the range of 
lateral oscillations. This provision, the lattice structure of the sides and the parapet, 
the oyer and under floor stays, the deep longitudinal girders of the railway track, 
the slight camber or longitudinal curvature from the ends of the bridge to the centre, 
and its own weiglit, give to the whole structure that degree of rigidity and stability 
which are its marked characteristics, as contrasted with suspension bridges usually. 

Some of the principal dimensions of the means of suspension are given in the fol* 
lowing statement : 

Span of both cables between axis of piers, 82 1^^ feet 

Versed sine of cables of lower platform, 64 feet 

Versed sine of cables of upper platform, 54 feet 

Diameter of each cable, 10 inohe& 

Area of cross-section of each cable, 60.4 square iuche& 

Area of cross-section of upper links of anchor chains, 873 square inohok 

Ultimate strength of anchor chains, 11,904 tons. 

Number of wires in the four eables, 14,560. 
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A?erage strength of one wire, 1,648 lbs. 

Ultimate alrength of the four cables, 12,000 tons. 

Permanent weight borne by the cables, 1,000 tons. 

Length of anchor cliains^ 66 feet 

Length of upper cables, 1,261 feet 

Length of lower cables, l,19S feet 

Number of suspenders, 624. 

Number of over-floor stays, 64. 

Number of under-floor stays, 66. 

Length of platforms between piers, 800 feet 

Height of railway track above middle stage of water, 245 
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Caisson and CfrHwork Cr/'.rHtams. — In the construction of the foundatioiu for the 
piers and abutments of (Le 'V ictoria tubular iron railroad bridge over tlie river Saint 
Lawrence, at Montre^i^ the engineers had to contend against unusual difficulties ; 
in a rocky bottom covered with holders, which prevented the use of piles ; and in a 
swift current, bringing down in the spring of the year enormous fields of ice. ibe 
effects of which none of the ordinary methods of caisson or coffer-dams could bin 
withstood. 

These difficulties were snccessfully met, in some cases by the use of a large water- 
tight caisson, shown in p\an (Fig. A), and in cross-section (Fig. B), of such a form 
and diDaensions as to Wve a sufficient interior area, between its iuterior sides, for a 
ooffer-dam, and for the ground to be occupied for the consiruction of the foundations 
o( the pier. In others (Fig. C), where, from the velocity of the current, the caissons, 
ifom their great b*Uk, proved unmanageable, by enclosing the area to be occupied by 
'vib-work. sunk upon the bottom and heavily laden with stone ; and exterior to this 
orming « we^md similar enclosure; and then, by means of sheetiit]? piles, supported 
«gainst the opposite sides of these two enclosures, forming a coffer-dam between 




Ffg. Ad — ^Plan of cftlsaon. 

A, A, aides of caisson. 

B, detached end. 
0, paddling. 

D, plan of pier of bridge. 

The caisson (Fig. A) consisted of two parts, the two sides and up-stream wedged- 
shaped head, and a rectangular-shaped portion By which fitted in between the two 
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■idcfli forming Ihe down-alream end, aod which could be detached and Soated off 
when il became oecefwiry to removo the enlire caisson. 

The ciiason (Fig. B) was flat'tjottomed, will) vertical aides ; and it was provided 
wiih a airoDif flat deck, lo reeeiTe the workshops, muchiLieiy, and materiala for pump, 
ing, dredging, and ihe construcHon of tlie mnmnrj-, 

Eir-B 



When placed in position, it wis moored to a loaded, siinkea cribwork n 
asd, besides the eilerior guide-piles, long two-inch iron bolls were inserted into holea 
drilled into the solid rock, through Tertloal holes bored through Iha pile* In this 
WD/, Uirongh the bearing or the piles on the bottom, the foothold given by ilia 
bolt-s and the inonring- tackle, the caisson, when sunk, was aolidiy secured against 
aandents from ralta, or other floating bodies. 

The interior sides of the cofTer-dani were strongly buttraaaed by horizontal beams, 
to withstand the pressure of the water. These beams were removed, and their placea 
supplied by ehortcr huttressea pieced between the sides of the coffer dam and pier aa 
the raasonry whs carried up. 

The cribwork dams wore constructed of a number of cribs, each about forty feet 
in lenptli, nliich were i^laced end to eud to form the sirles of tha cuclosures, niid 
fttrouKlj cooiieclid with each other. Some of these were constructed on shore,and 
toweil lo their posilions. Some were constructed in the water behind raooring^bn 
Mid other* upon the ice during Che ninter, and sunk in position. 

A. flooring (Kg. G) was mads, aboat midway between the top and bottom of tlie 
criba, to receive the block of stone with which the oribs were Inaded, to secure them 
from the effects of the pressure of the ice in ita spring moveaent, and the colliakni 
of ttonting bodies. 
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The caissons were not of adequate strength to resist the crush of the ice, and tiad 
to be pumped out and removed to k secure position before the closing of the river. 
The cribs were planked over at top, and remained in place as long as required for tin 
work. 




Fig. 0.— Oross-seotion of cribwork dams. 

A, Interior crib. 

B, exterior crib. 

C| paddling and sheeting piles. 

Pneumatic PUes — This appellation has been given to cylinders of cast>iron, used 
in the place of ordinary piles to reach a firm subsoil below the bed of a river, sait- 
nble for the character of the superstructure to rest upon it, which, being made air-tigfat 
on the sides and top, but left open at the bottom, are sunk to the required depth, by 
rapidly withdrawing the air within them, by methods to be described, and thus 
causing the water to rush in through the open bottom, removing in its flow the snb- 
soil in contact with the lower end of the cylinder, and allowing it to sink by its 
own weight 

The cylinders are cast and put together very much in the same manner as ordinary 
water-pipes ; being composed of lengths of from six to ten feet, each of whidi has 
an interior flange at each end, with holes for screw-bolts, by means of which and a 
disk of india-rubber, inserted between the connecting flanges, the joints are made 
air and water tight. 

In the first essays at this mode of foundation, the cylinders were sunk by simply 
exhausting the internal air, in the ordinary way, above the water-level. The results^ 
however, were not satisfactory, as the pile sunk very slowly. 

The next step (Fig. A) was to connect an air-tight cylindrical vessel, Q^ by means 
of a tube, A, with a stop-cock, with the interior of the pile A^ and also with the air^ 
pump, by another tube leading to the pump from the other end. In order to ank 
the pile, the communication between it and the exhaust chamber Q was first closed, 
and that between this chamber and air-pump opened. The air was then drawn 
from D until a sufficient vacuum was produced, when the communication with the 
pump was closed, and that with the pile opened, allowing the air to flow from it into 
the chamber with considerable velocity. This sudden disturlHince of the equilibrium 
between tlie external and internal pressures on the pile caused it to descend instao' 



UnMitiBly tnd rapidly, u If struck on the top b; a heavy blow, the descent contlEa 
log fteqnentlj nianj feet until an equilibrinia •moajt the forces ivaa restored. 



»»/■ 



of « piMiiDutLo pile At ^ 
lock C, uid uhiDit thhI 

D. 

A, «h.nrt iQb. betwHD A 

uaD. 

B, wnter dlHhuse-tnbA. 

C, tqulllbrlalD tub* betireu 

til* lock ud dumber of 

0, ■qqlUbrinm tabe beRnea 
lock uduurloT air. 

M, npper uun-hola uid niTM. 

N, lower Dun-hole ud tiIth. 

W, vindlua ud gettrlnf- 

E,c«Kr.t. u>d<rplimli« w 
imotlMd U Bulua brUta. 




Wben the i«d3tsnce to the flirthar descent of the pile was Tniind to be too great, 
eitbcr lyoiD some obstrtiction met with at the bottom, or from the tenacity or the soil 
itfolC the ingenioue expedient was hit upon to fbrce the water from within the pile, 
by pumping sir iuto it, end tliua eusble worlimen Co descend lo the bottom md re- 
move the soil or other obBtruciioQ lo the descent. The plan devised for thispiirpoee 
vaa to St another air-tight Iron cylindrical vessel C lo the top of the pile,orsutQi»ent 
diameter and height to hold eereral workman, and a'windlBss, W, arranged with an 
endless rope and buckets for raising the ezeaTBt«d soil into the chamber C, 

The chamber, wbicli hag received the name oT an air-loot from Its ninctiona, was 
provided witli an upper man-hole M at top for entering the lock, and one N In the 
bottom for enuring the pile. Each man-hole had two airtight valves, one opening 
outwards, the other inwards. Two tulws C bq J D, with Btop-cocka, furnished an »ir. 
passage between tlie air of the pile and that of the lock, and between the Intter and 
the eztenial air. A syphon shaped water-discharge tube B, with a atop-cock, leads 
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from below the level of the inner water surface through the bottom and side of tb« 
lock. 

The operation of sinlcing the pile by first exhausting the air from the exhaust 
chamber Q^ was the same in this case as in the preceding ; the upper valves of 
either man>hoie being closed, and all communication between the external air and 
the interior of the pile being cut off by means of the stop-cocks. 

When it became necessary to descend to the bottom of the pile, to remove the 
soil or any obstruction, the lower valve of the lower man-hole, with the tube C, 
were closed; the discharge tube, B, left open ; and the sir forced into the pile, by the 
pumps, through the tube A; the increased pressure upon the water surface caused 
the water to rise in the tube B, and flow out at the other end. 

When all the wafer was discharged in this way, the lower valve of the upper man- 
hole, and the tubes A, B, and D were closed ; the tube C was then opened, through 
which the condensed air in the pile flowed into the lock, until th'^ density of the air 
in it and in the pile became the same; the lower valve of the lower man-hole waa 
then opened, to allow the workmen to descend, and the excavated soil to be raised 
into the lock-chamber. 

To take the excavated material out of the lock, the lower man-hole under valve 
and the tube C are closed, and the tube D opened : the condensed air of the lock 
flows out, and the upper man-hole lower valve is opened. 

In some of the more recent cases of the application of pneumatic piles, the exhausti 
chamber and the discharge water-pipe have been suppressed ; condensed air being 
alone used, both to force the internal water out through the open bottom of the pile, 
to allow the workman to excavate within, and also to produce a scour below the 
lower end, from the rush of the water back Into the pile, by allowing the condensed 
air to escape rapidly from it For tliis purpose a tube leads from the air-pumps, 
through the side aud bottom of the air-lock, into the pile, to supply the compressed 
air. Another pipe with a stop-cock leads through the side and bottom of the lock, 
from the external air to the interior of the pile, through which the condensed air in 
the pile can be discharged. The upper acd lower man-holes have each an und^r 
valve. Two equilibrium-tubes with stop-cocks, one forming a connection between 
the interior of the pile and the air-lock, the other leading through the side of the lock 
to the external air, furnish the means of bringing the air of the lock to the same 
density as that within the pile, or that of the atmosphere. 

To force out the water, the lower man-hole, the condensed air discharge-pipe, and 
the condensed air equilibrium-tube are closed, and the air then forced into the pile 
by the pumps. 

To excavate the internal soil, the workmen enter the lock, close the upper man- 
hole and the upper equilibrium-tube, and open the lower equilibrium-tube. This 
establishes an equilibrium between the air of the lock aud that of the pile, and the 
workmen can then descend into the pile and excavate the soil. 

To remove the excavated soil which has been raised into the lock, the lower man- 
hole and lower equilibrium-tube are closed, and the upper equilibrium-tube openedi 
which establishes an equilibrium between the air of the lock and that of the atmofr 
phere. The upper man-hole then being opened, the material in the look can be otf* 
ried out 
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p'^nce a scour under Ihe pile to allow it to rink, the worVmon leave tbt pQe 
■nil lock ; the condenud air diecbarge-pipe U then opened, and b; the rush of ttte 
water into the pile all ohetrucdon to the movemeat of the pile fa removed ftom its 

Double Air-LMtt. — la iome of the mora recent applications of condenaed afr is 
Barq>^ alr-loda En peira hare been used to savo time. 



Flf. B^LoKltiulliul HctlDii ot plls A, 
Ml or worklDK-cbimbar Q, and ilr- 
loeka C, Dt used M Uw bridgs M 
SugnUn, snr the rlnr IMas. Hon- 
garf- 

A, w«Urd)Kli*rje-plpa. 

B, aiiilMbrliiiii tqbea or ilr-lDck. 

C, "taTBtlon ofalr-Loct, 

D, lMig<tiidliiii! Mctlon Df air-look. 
M, boliUig-gur In Uu ben. 

N, holBtlag-g«ar fbr Air-lock. 

W, MoatHpolH to oomprMMd air. 



The amDgementa Inthis case (Fig. B]coiuugt of a working chamber, B, termed tha 
ball, which is a brge alr-tigfat iron cylindrical veeael bstened to the head of the pile. 
Id wbioh (here is sufflcieot room for a hoiati:ig-apparatii:i, M, .ind Rnvtral workmen, 
to raise the excavated soil tn the level of Ihealr-lodu; oftwosniBllair locka, D '^^ 
C which are inserted into the bell aboot two-thirds of their length ; of a syphon- 
abaped water discharge-pipe A ; aud of a windlass N to raise the excavated soil out 
of thelocka. 

Bach lock bu a mao-bola, with an undervalve on top, Tor entering the locdc, and a 

vertical door on Ihe side for eoteriog the belL Each is provided with two aels of 

equilibrium valves^ so arranged that they can be opened bj a person fh>m within tba 

17 
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bell or tho lock, to establish an equilibrium between the air in them* or fW>m the 
outside of the lock, or the ioside, to establish an equilibrium between the external air 
and timt of the loclc. 

The air in the pile is condensed bj air-pumps in the usual way. 

The hoisting-engine in the bell has its gearing so arranged that the filled backets 
can be delivered alternately into the locks, and firom there be taken by the gearing 
of the windlass above. In the example represented by Fig. B a weight, VV fonned 
of cast-iron bars, resting on brackets cast on the outside of the bell, forms a counter- 
pressure to the interior condensed air. 

The pile is sunk by opening a condensed air-pipe leading to tbo external air, 
the lower portions of water discharge-pipe having been removed, and, with the tools 
used in excavating, placed within the bell. 

Tlie descent of the pile at each discharge of the condensed air depends upon the 
nature of the strata met with. In very compact clay the descent will, in some in- 
stances, be only a few inches in several discharges; whilst in sandy or gravelly 
strata it will descend as much, at times, as twelve or more feet This is owing to 
the difference between the effect of the scour, and the resistance offered by the fric- 
tion OH the exterior surface of the pile. The resistances in sand and gravel being 
much less than in stiff clay. It has been found, in some cases, that two or three fleet 
of a compact day soil left within the piles at the bottom would prevent the soour, 
and the further descent of the pile when the condensed air was discharged. 

The piles are placed in position by a suitable hoisting-gearing ruised upon a strong 
scaffolding; and in their descent are kept in a vertical position by guides placed in 
connection with the scaffolding. Great precautions have to be taken in managing 
the descent of the pile, when it is approaching the depth to which it is wished to 
sink it, so as to keep the top surface of each on the same level. 

In the first applications of pneumatic piles, cast-iron cylinders of small diameters 
were used ; as many being sunk as tho resistance of the substratum upon which 
they rested required to support the base of the superstructure. Subsequently the 
diameters of the cylinders were enlarged, to enable the soil to be excavated from 
the interior, and be replaced with hydraulic concrete. In some instances, the 
concrete simply rested upon the bottom of the excavation. In others, wooden piles 
were driven within the cylinder some distance below its lower end, and the concrete 
thrown in to rest upon the heads of the piles. In the case of the Harlem Bridge, 
over the Harlem river, New York, the engineer, Mr. W. J. McAlpine, formed a con- 
ical-shaped excavation, E, (Fig. A), around and below the bottom of the pile, 
extending it beyond the exterior surface of the pile a distance of two feet, by means 
of plank thrust outwards and downwards, under the lower edge of the pile, forming a 
kind of conical roof, covering a bed of hydraulic concrete, upon which the pile and 
body of concrete within it rested, thus increasing considerably the bearing surface of 
the stratum upon which the superstructure bore. 

An opinion has obtained, from the condition in which the hydraulic concrete was 
found in a pile accidentally fractured, in which it had lain for some time, that this 
material did not harden when subjected to the great pressure of the water fh>m the 
bottom. A remedy, it is stated, has been found for this, by using a portion of 
fragments of a porous brick in a dry state instead of stone, in the oompositioii of tbe 
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ooncrete, as wag done in the case of the piers of the bridge at Sze^redin, In Hun- 
gary ; and by inserting io the body of the concrete half-inch gaa-pipes, through which 
the compressed air was diQ\iKd throughout tlie mass, as practised at the Hsrlaa 
Brii^by Mr. McAlpine. 

As large quantities of hydraulic concrete are required Tor fllliag tbe piles, the 
meLhod pursued in Gsl'man;, and as practised at the bridge at Szegedio, for mixing 
Ihe mortar and fragments of biiclt or stone, commeitds itself for its economy, and the 
Ihorou^inees with which the materials are incorporated. A wooden cylinder about 
twelve feet laug. and four feet diameter, msdBend hooped liko a barrel, and lined with 

■heet-iroD, placed in an iDclined position of -^ to the horizon, was made to rerotre by 
a band set inmotlonbyasteamangiaQ, from dtleen to t woo ty revolutions in a minute. 
The cylinder was fed by a hopper at the upper end, into which the materials Were 
thrown, and they were discharged thoroughly mijed and ready for use into wheel- 
barrows at the lower end. It is stated that this aimple macliioe delivered from 3S0 
to 350 cubic feet in ten hours. 

Tbe ooncrete is usually thrown down into the pile from the bell or lock. At tha 
bridge at S^egedin the double locks were, alternately, nearly filled with the concrete, 
and it was raked out from them and thrown into the jule ; care being taken to work 
it in well by band, around the flanges and joints. 



Plr- O.— LangttndTasl MCtlon of tlia ctlnoB 
ud muoniyof a p1«rofari]lraad bridge 
OTsrtlHjSorff.itL'Orluit, Tnnot. 

A, wurklog-'chuiitHT for exavatlog uU. 

C| C, «len»oa of the belli oontalnlnc the 

D, D, cyUoden for commimlaUoQ betwMO 
belU ud worfcltig-ctuinber. 



Pnamuaic Caimona, — The application of compressed air fbr laying foundation! 
has beeD further extended in some of the railroad bridges recently constructed in 
Enrope; by using wronght-iron caissons of auCBcient dimenaiona to serre as an 
envelope, or Jacket, fbr tbe naeonry of an entire pier; and gradually »n king the 
whole ID the requisite depth, by excavatiug the soil within the pier to tbe deured 
level. 

Tbe cainons (Fige. C, D) for thia purpose were divided into two compartments. 
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The lower, A (Fig. 0), which seryed as a chambelr for the workmen, for exeayaling 
the soil, was scroDgly roofed at top, with iron bars and iron sheeting, to bear the 
weight of the masonry that rested upon it ; and was securely buttressed on the sides 
to resist the inward pressure of the soil on the outside. The upper chamber, B, 
served as an ordinary caisson, fitting closely to the masonry on the sides, and rising 
sufficiently above it to exclude the water during the construction of the masonry; 
the body of which, composed of beton with a facing of stone, was gradually raised 
as the caisson was sunk through the earth overlying a bed of rock upon which tbe 
pier was finally to rest 

The working-chamber A was connected with two bells C, C, by two vertical iron 
cylinders D, D (Fig. 0), for each bell ; these cylinders serving as a communication 
between the working-chamber and bell.<3, for the pa^ge of the workmen from one 
to the other, for raising the excavated soil, and as a passage for the compressed air 
forced in by the air-pumps. 

Kach bell contained two air-locks for communicating between it and the exterior; 
and a hoisting-gearing for the excavated soil ; the filled buckets ascending through 
one cylinder, and the empty ones descending through the other. 

The lower chamber, tlie bottom of which was open, was kept filled with com- 
pressed air of sufficient density to exclude the water, and enable the workmen to 
excavate the soil 

The caisson was gradually sunk, by the weight of the superincumbent mass, as tbe 
soil below was removed. 

So soon as the rock-bed was reached, ihe surface was thoroughly cleaned off, and 
levelled under the edges of the bottom of the caisson, and the chamber A was gra- 
dually filled in with masonry closely up to its roof. Finally the cylinders D were 
removed, and the wells occupied by them in the body of the pier, filled with beton. 

As a matter of interest, on the subject of laying foundations by means of pneu- 
matic piles and caissons, a few additional facts in connection with the examples above 
cited will not be out of place here. 

Bridge over the Theixa.— The soil below the bed of the river Theiss, at Szege^n, 
is alluvial, and found in alternate strata of compact clay and sand to an indefinite 
depth. Tbe current throughout its course is sluggish, having a surface velocity at 
Szegedin, during the highest stage of the waters, of from three to three and a half feet 
The rise and fall of the water are both very gradual ; the highest stage being about 
twenty-six feet, and the mean level about sixteen feet The arched ribs and other 
superstructure of the bridge were of wrought-iron plates. Each pier was formed of 
two piles, or columns, filled with beton, as above described ; and each supporting one 
track of the railroad. They were cast in lengths of six feet, and ten feet in diameter, 
and one inch and one-tenth in thickness. The piles were sunk to the depth of about 
thirty feet below the surface of the bed ; and about forty feet below the ordinary 
low-water level. Their height corresponded to the highest water level, or nearly 
thirty- three feet above the presumed scour of the bed. 

The interior excavation of the soil was carried down to the first joint, or six feel 
from the bottom of the column. To compress the soil below the column to sustain 
better tiie superincumbent weight twelve piles of pine were driven within tire col* 
umn to a depth of twenty feet bolow the bottom. 
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The air-locks were each about six feet six inches in height, and two feet nine 
XDchea in diameter. * 

To provide against the scour of the current, the entire pier was enclosed by a row 
of square siieeting-piles, driven to the level of the bottom of the columns, and about 
two feet from them. The space between these piles and columns, to the depih of 
ten feet below the bed level, was tilled with liydraulic concrete ; and the piles were 
surrounded bj loose stone with a spread of about ten feet from the piles. 

Edrlem Bridge. — In the Harlem Bridge, the piles were six feet in diameter, and 
cast in lengths of ten feet The air-lock was of the same diameter as the piles, and 
six feet high ; the valves or man holes twenty inches iti diameter. The most notice- 
able feature in this part of the structure, is the expedient of using an underpinning 
of plank and concrete, to obtain a wider spread of the foundation bed, and a gi eater 
bearing surface for the superstructure to rest on. For this purpose, plank five feet 
long, three inches wide, and one inch and a qaarter thick, were forced under the bot- 
tom of the pile, in sections of three feet wide on oppo.«ite sides, and in an inclined 
direction, so as to gain an additional spread of foundation base of two feet around 
and beyond the pile. These formed a temporary roofing, from beneath which the 
soU was rapidly removed, and the excavated space filled in with concrete. Finding 
great inconvenience in this process, from the rapidity with which the water and sand 
came in on the sides, an additional condensation was given to the compressed air of 
six to ten feet extra water pressure ; this was found to counteract the external pres- 
sure, so as to allow the excavations to be carried on with facility 

The refuse gas-pipes, which were used to convey the compressed mr down between 
the bottom of the concrete and the underlying soil, as well as giving it a pnssage be- 
tween the outside of the pipes and the body of the concrete, were distributed through 
the concrete about a foot apart 

The bottom of the foundation in this example was thirty feet below the surface of 
vbe river-bed, and fifty feet below tide. 

hiidge over ike Scorf. — In the example of the bridge at L'Orient over the Scorff, 
'ihe I'lver-bcd is a stratum of mud, forty-six feet in depth, resting upon a surface of 
hard schisuoze ."ock more or less inclined and uneven. The level of mean tide is 
about sixty fee' obove the rock surface; that of the highest tide seventy feet. 

The caissoub 'icSu in this example were designed for the piers of a stone bridge, 
and were abouv 'orb/ ieet long and twelve feet broad. The bells, or upper working- 
chambers, were^en te%,t high and eight feet in diameter; the lower working-chamber 
ten feet high ; and me cyhnuors, for communication between iliem, two feet and a 
half in diameter. 

The caissons were bunt of Si;eet-irc*n, in zones decreasing in thickness from the top 
to the bottom; but not having been buttressed within against the pressure of the 
water, as the lower working-chamber was, they yielded and got out of shape. 

In a subsequent structure of nearly the same dimensions, for a railroad bridge at 
Nantes, the same failure took place, and precautions were then taken against it by 
the insertion of cross-stays, which were removed as the masonry was carried up. 
In the caissons used in this case, the bells and air-locks were made larger. Each 
air-lock bad three separate compartments; one for the passage of the workmen 
which could contain four men; one for the barrows by whioh the ex(>avaied soil was 
removed, and oue for the concrete to fill up the lower working-chamber, when the 
excavation was completed. 
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These caiisBons are, in fact, a oombination of the well-known device of the di*/tn^ 
bell and the ordinary floating caisson. The main difficulty in their use is iu preyeDd 
ing them fhom settling on one side more than another during their desceni, and of 
rectifying |iny accident of this kind. 

The diving-bell is seldom used except for examining the condition of works under 
water, and for setting blocks of masonry, or laying a bed of concrete. Within a few 
years back, the water-tight and air-tight dress, to enable the workman to move about 
under water as on land, known as submarine armor, has also been successfully ased 
for like purposes. 

Tlie chief objection to the employment of all these expedients arises from the 
great pressure to which the workman is subjected from the condensed air in whidi 
he labors. This, however disagreeable and inconvenient for the time, seems to pro- 
duce nothing more than a temporary effect upon men of good constitution, ^ven under 
a pressure of three atmospheres, when ordinary precautions are taken in passing 
from the free air into the condensed, or the reverse. The great success in the use of 
the pneumatic piles and caissons, and the recent improvements in them, have inclined 
professional opinion more and more in favor of their employment, particularlj for 
depths of foundations beyond thirty feet below the water level. 
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Fig. A.— Eleratlon of disk-icnw 
and newel of acrew-pfle. 

A, thread of 8cre«r. 

B, newel with socket to reoeiTe 
end of pile. 



Screw Piles. — In localities where it has been found impracticable to resort to aof 
of the usual means of foundations, as on sandspits, or on beds of a soft conglom- 
erate formed of shells, clay, and the oxide of iron, such as are found on our 
Southern coasts, iron screw-piles have been used with success, particularly for light 
house structures of iron. 

The pcrew (Fig. A) consists of a broad disk spiral thread A, the newel of which, 
B| is prolonged and fitted to receive the end of the pile, to which it is fastened by ■ 
bolt. A horizontal lever is attached to the end of the pile, and the screw driven by 
men acting against the arms of the lever. 

The diameter of the screw on top has been made fix>m two to four feet 
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Note JS to Arti, 2*10, dto.y and Arts, 168, <kc 

a. ClasnfiiCcUion of Siraiiu, — Any rod, or bar of bomogeDOUB.stractare and 
onifonn croea-BectioDa, may be regarded as a prism, composed of aa infinite 
number of fibres, each of which may, in turn, be considered as a right prism, hav- 
ing an infinitely small area for its base, and its edges parallel to those of the 
prism. 

If a prism so composed be intersected by an infinite number of planes, each per- 
pendicular to its edges, these planes will divide the fibres into infinitely small solids, 
each of which may be considered as the element of a fibre ; and if these elementary 
solids, or fibres, be referred, in the usual manner, to three rectangular axes, two of 
which, as X, and Y, are contained in a plane perpendicular to the edges of the prism, 
and the third, Z, parallel to them, then the area of the base of any elementary fibre 
will be expressed by dx dy, and its length by dz, 

b. In considering the elementary fibres contained between any two of these con- 
secutive planes, it will be readily seen that, although the reUtive positions of the 
planes may be varied in an infinity of ways, they admit of four simple relative 
movements, which, either singly or combined, will cover all the cases of change of 
form in the elementary fibres between them, arising fit)m these changes of positions. 
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O. As an illustration of this, let (Fig. A) be the longitudmal, and (Fig. B) the 
cross-section of any such prism, and A B, and C D, be two of the consecutive planes 
in question. 

1st. The plane, C D, may be moved parallel to A B| either from or towards it 
In the former case, the elementary fibres between the planes will be lengthened, 
and in the latter shortened ; and the strains to which they are subjected will arise 
fh)ro a force of extension in the first case, and one of compression in the second, act- 
iDg parallel to- the fibres. 
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2d. The plane, C D, may take the position, C D', by turning around some line^ 
Of in it as an axis, in which case the elementary fibres on one side of this axis, ia 
conforming to the new position of C D, will be deflected and lengthened, undergo- 
ing a strain of tension ; whilst those on the opposite side will be deflected and 
shortened, undergoing a strain of compression ; and those, as 0', in the plane 
of the axis of the prism and of the axis of rotation, will be simply deflected, with- 
out any change in their original length ; the plane, C D, in its new position C D'l 
continuing normal to all the elementary fibres in their new position of deflection. 
Sd. The plane, C D, (Fig G) may receive a motion of translation in the direction 

C D, parallel to A B, in which any elementary flbre,a8 
_. ^ t b, will take a new position, as a b', oblique to its 

o original position. 



«S 
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4th. Or the plane, C D, may receive a motion of ro- 
tation around some axis perpendicular to it, in which 
case, the base of any elementary fibre, as b, in the 
plane C D (Fig. B}, will take a new position, describ- 
ing a small arc in the plane, C D, around the axis of 
rotation. 
It will now be easily apprehended that any elementary fibre being subjected to 
two or more of these movements combined, the resulting strains brought upon it 
will arise from these simultaneous movements. 

As these relative changes of position of the planes in question are due to forces 
exterior to the prism, and as their action is resisted by the molecular forces brought 
into play by the strains on the fibres, several problems arise, from this action and 
reaction, which come within the province of rational mechanics, aided by experi- 
ment, for their solution, and which find their application in the resistances offered by 
the solid portions of structures to the forces to which they are subjected flrom the 
form and design of the structure. 

The object of this Nbts is to give the mode of solving some of the more simple 
problems which fall under this head. 

d. Rdatum between (he Elongation and Ihe Force by which U ia produced^ tn fU cCM 

of a rod or bar of a given cross^aecHon^ Ihe force ading in ihe diredUm of the axis of 
the bar. 

From experiments made upon horoogeneoue bars of small area of croes^ection, 
and within the limits of elasticity of the material of which the bar ia composed, it 
has been shown that the elongation, from any force acting in the direction of tiie 
^ "1 axis of the bar, is directly proportional to the length of the bar, and 
-J to the force itself and inversely as the area of the orofl8-aecti:>n. 

Represent (Fig. D) by 

L, the original length of the bar. 

W, the force applied to lengthen it 

2, the elongation due to W. 

A, tlie area of the cross-section. 

£, a ct>u8taut to be determined by experiment 



B 



Fig. D 
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Iheo, fitfm the law ezpieaied aboye^ obtained from experiment^ there obtaina tht 
rdatioa 

henoe 

W = EAi., (A) 

and 

JL 
B = -^.(B) 

T 

Equation (A) gives the relation between the force and its oorreaponding elonga- 
tion ; and Eq. (B) ahowa that the ratio of the strain on the nnit of area, expressed 

bj -7—, and the elongation of the unit of length expressed by -=- is constant The 

Talne of the constant depending on the nature of the material. 

Making A = 1 and -=- s= 1, in Eq. (B), there obtains 

that is, E is the force which, applied to a bar, the cross-section of which is a snper- 
fldal nnit, would produce an elongation equal to the original length of the bar, 
supposing its elasticity perfect up to this limit The quantity, E, thus defined is 
termed the moduluSj or ooeffldeni of elasiicUy, 

Equation (A) may be stated as the fundamental proposition in this subject upon 
which the solution of all the others depends. 

6. ^ find the rdcUioM hetwwn the EkmgaHon and ike Ibreu jarodueing it, when Ihe 
ioeight of the bar is taken into eonsidercUion, 

In Eq. (A), the only force acting is W, the weight of the bar itself being neglected. 
To determine the elongation, the latter being taken into account^ 

Bepresent (Fig. D) by 

L, the total original length of the bar ; 

A, the area of the cross-section ; 

te, the original length of any portion as AQ; 

dx, the iengtn of an elementary portion of AG ; 

W, the force applied at the end B ; 

w, the weight of a unit of volume of the bar. 

The volume of the portion A will be expressed by (L— ») A; and its weight by 
(L— «)At0. 

The total force acting to elongate the portion A will be expressed by 

W 4- (L-o;) Aw. 

The relations, therefore, between this force and the elongation produced by It on 
any elementary portion dz, will be obtained by substituting dx for L, and W-f (L — x) 

50 
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A to for W, in Eq. A. Making these substitutionB, and finding the oorreBpondina 
elongation, there obtains 

BA 

The total length of dx after elongation will, therefore, be 

W CL-x) Jlw, 
'^^ EA ^ 

Integrating this between the limits a = o and x = I^ there obtains : 

_ WL iwL»A 
^+"EA-+ BA » 

for the total length of the bar after elongation. 

£ It will be readilj seen, fVom the preceding discaasion, that the greatest s^in 
on the bar will be at the top, and that it will arise from the force, W, and its own 
weight) or from W + L A v. The strains on the other sections varying with x, will, 
therefore, decrease as x increases. Consequently, the strain on each unit of area of 
the bar will be variable; and, representing by x any variable length, as B 0, estimated 
from B upwards^ the force acting on the unit of area at any point to produce this 
strain will, from Eq. (A) be expressed by, 

in which X is the elongation oorreeponding to x ; and in order that the strain shall 
be the same on the nnit of area of every section, and therefore equally strong at 

each section, — must be constant 

X 

g. To apply this, let the cross-section of the bar (Fig E) at every point be a 

circle, and let the radius of any one of these drdes be lepr^ 
sented by r. 
The area of the circle will be 

and, dx being an elementary length of the bar, any elementaiy 
volume will be expressed by 

wf*dXf 

and the weight of this elementary volume by 

wr*dxw. 

For any volume of the bar of the length x, the expression for tiit 
weight will be 




«/i 
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Subetitudng these values, in Eq. (0), for A, and » A iff, and mak* 
ing — z=e, there obtains 

9 
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__ =E „ (D) 

to represent the atraiD on the unit of area on any croas-section. 

Differentiating Eq. (D) there oblains, 

witr^d» = Ec2rrrdrf 
hence 

dr to ^ 
r 2 E c ' 
which integrated gives 

^••■=^'+°' 

which shows thai the line cut from the bar, by a section through the axis^ is a log* 
arithmic curve. 
. Making n r^ z= A, and £ c = m, in Eq. (D), there obtains 

W-tw flLdx = mK\ (E) 

hence, by differentiation, 

10 A c2x = m(f A, 
and 

diL _ tr 



A m 

Integrating this expression between the limits of 2b =: o, and a; = L, and repr^ 
senting by A', and A", the corresponding values of A, and in which r will take the 
corresponding values r' = 6 n, and r" = a m, there obtains 

A" w 

^^- A^=-;s-^' 

hence, passing to the equivalent numbers, 

to 

— L 
m 

A" = A' d , (E) 

But, from Eqs. (D) and (E), the quantity E c = m, is evidently the weight or force of 
tension, on the unit of area at any cross-section of the bar; so that, at the lowest 
point, where the strain arises from the force W alone, the total strain on A will b< 
expressed by m A' ; hence 

W 

TO A' = W, and A' = — . 

m 

Substituting this value of A, in Eq. (F), there obtains 

A"=^a*~ , 

TO ' 

frr the value of the area at the upper end. 
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h. RelaHons between a force which produces simple deflection and the elongationM and 
compressions o/ihejibres of a bar^ the cross-sedum being uniform and symmeiricalwiih 
respect to the plane in which the force ads. 

In the problem here proposed for solution, the circumstances are the same as those 
that usuallj obtain in all structures subjected to forces which act either obliquely or 
perpendicularly to the fibres of the material of which the parts are composed; as, for 
example, in the various kind of frames. 

In all such cases, the cross-sections of the parts are either uniform, or else they 
vary by insensible degrees, by a law of continuity from one point to another; the 
figures of the cross-section, at any two pouits at finite distances apart, being similar, 
but regarded as the same between any two sections infinitely near each other. 

It has been stated, in the illustration already given, that, in the case of simple de- 
fiection, the hypotheses generally adopted are: Ist, that the planes of cross-section, 
perpendicular to the fibres of any bar, taken at distances infinitely' near each other, 
will remain normal to the fibres after deflection ; 2d. that these planes will rotate 
around some line drawn across the figure of the oross-section ; 3d, that the fibres 
lying on one side of this line will be extended, and those on the other compressed; 
4th, that the elongation or compression of any fibre will be proportional to its distance 
from this line; and 5tb, that all the fibres contained in a plane parsed through tlda 
line and parallel to the axis of the bar, will not be changed in length by the deflec- 
tion undei^ne. The oentral fibre in this plane is termed the meanj or neutral fibf 9, 
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Let (Fig. A) be the longitudinal section, and (Fig B) the figure of the anifonn 
croes-soction, taken at any point as A B (Fig. A), and which is symmetrical with the 
line A B (Fig. B) cut from the plane of cross-section by the piano passed through 
the axis of the bar, and in which a force, W, acts at the point F, to cause deflection 
in the bar, which may be supposed to be fixed in any manner at the -loint E. Let 
E F be the mean fibre cut out by the plane of longitudinal section , and b P the 
line of the fibres, cut by the plane of cross-section, which are not changed in length 
bj the deflection ; and which may be termed the neutral axis of the cross-section. 
Let O X and Y be two rectangular coordinate axes to which all points of tbecross' 
■ection are referred. 



AmxDOu S97 

Bepresent hy 

L, the origiDAl length of an elementarj fibre as R B, a b, (Fig. A) 

a^dx dy the area of its cross-aection ; 

X and y, the oodrdinates of a; 

4ii the infinitely small angle which the plane C D' makes with its original posl* 
ti^n, C D after deflection. 

Now, from the hypothesis adopted, any fibre, as a b (Fig. A)^ contained between two 
oonseoatiye planes, will, after deflection, be lengthened by an amount equal to b c in 
the relatiTe change of position of the plane C D; and as the distance of this fibre 

from the neutral axis is Vt ^^ increase of length will be expressed by, 

in like manner, the decrease in length of any fibre at the same distance flrom the 
neutral axis, on the other side of it, will also be exprened by y a. 

Hesuming now Eq. (AX and subetitnting in its second member d» d^ = a for A, 
and y a for J^ there obtains 



Bds^« r 

which expresses the relation between the strain, and the corresponding elongation 
for any elementary fibre. 
Therefore the total strain on the fibres elongated will be expressed by 

-J- //i <fc dy y. 

In like manner the strains on the compressed fibres will be expressed by 

---^rTvidxdyy; 

the negative sign being used to denote the contrary direction of the elastio resist- 
ance of the compressed fibres. 

As these strains are caused by the force W acting to deflect the bar, and therefore 
to produce rotation about any neutral axis, as P, with an arm of lever O F=:a^ 
there will obtain^ to express the conditions of equilibrium of the system of forces, 

-^ ffl&dxdyy — -^ Pr'&dxdyy^o) (G) 
and 

^rrEdxdyy*+-^JTEdxdyy''^ Wf = o.(H) 

£q. (0), which expresses the condition that the algebraic sum of the strains 
on all the fibres, parallel to the mean fibre E F, and perpendicular to the plane C EX, 
is equal to zero, shows that the neutral axis, O P, passes through the centre of 
gravity of the figure of the cross-section ; and Eq. (H) that the sum of the momenta 
of the strains and of the force W is also equal to zero. 

When the centre of gravity coincides with the centre of figure, or the neutral axia 
divides the croes^section symmetrically, Eq. (H) becomes, 

2-^ /y Edirdyv*"Wa=o. Q) 
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1. The expresBion 



// 



Edzdyy* 



it will be seen is analogous to the general ezpreasion for the moment of inertia of a 
Tolame of uniform density, in which E is constant and depends onlj on the physical 

properties of the material, and I § dx dy ir* depends entirely for its value on the 

figure of the cross-section. To apply this to any particular figure, the integral must 
be taken between 9;=o, and a;=:&, in which h is the breadth of the figure estimated 
along the neutral axis ; and between y=Q, and y= i <^ ia which d is the length of 
the figure, estimated along the line drawn through its centre, and perpendicular to 
the neutral axis. 

The expression 2 / / l^dxdy^ has received the appellation of the momani of 

flexibiUty ; and Ws that of the bending moment 

k. Particular m/fmenis o/fladbiUiy. — ^The value of the moment of flexibility, whidi 
is a mere problem of calculus, is easily found, for any geometrical figure, fh>m the 



double integral f f dxdy y*. 




For examples, when the cross-section of the figure is a rectangle 
(Fig. ¥), in which b is the breadth, and d the depth, the integral, taken 
within the limits x=o, and x==b ; v=o, and y=^ d, becomes 



2jj dxdy^ = — 6<i*. 



fig. F. 



2. For a cross-section (Fig G), like that of a hollow girder, m 
which b is the entire breadth, d the total depth, V the breadth of the 



hollow interior, d! its depth, the limits become, K = b'-b'\ and y = i d^\ ef ; and 
j^ the moment of flexibility, 

^SS ^ ^ y* = i^(& ^ - yd:\ 

The expression will be of the same form in the case of the cross- 
section of the I girder (Fig. H) in which b is the breadth of the 
flanges; V the sum ot breadths of the two shoulders; d the depth of 
the girder, and (f the depth between the flanges. 

3. When the cross-section is a drde, and the axes of ooordinatei 
are taken through the centre, the limits of % will be + r, — r; 



\^ 



Fig. Q. 



and those of yir-y/ r' — ic* will be the same ; and 

2jj dxdyy^^lwf*^ 

4. For a hollow cylinder, in which r is the exterior and / the in* 
terior radius, the integral is ^ v (f* — r% 

6. When the cross-section is an ellipse^ and the neutral axis coin- 
cides with the conjugate axis, if the transverse axis be represented 
bv d^ and the conjugate by &, and the limits of x and y be taken as 
i<^K- u. in the cirde, then, 
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9 for the integral /y*«e d^ (^, aee ChMreh*8 Oalculiu$, ail 195, p. 971; and art. S8S, pu 84L 



IPPEKDIX. 300 

1. ^tndn en the unit of carea. — RetarniDg to the general expression Eq. (I), by r»- 
prsseiiuu^ 2 / / dxdyy^bjl^it becomes 

L EI '^^^ 
multipljing each member of this equation bj y, there obtains, 

— = -^y, orE-j- = — y.(K) 

Bat ya is the elongation of the elementary fibre L at the distance y from the neutral 
axis, therefore, Eq. (A), as 

is the strain on the unit of area, so E ~~ s= — = — y is the strain referred to the unit 

of area caused hj the deflection on the elementary fibre at the distance y from the 
neutral axis. 

Taking, for example, a bar having a uniform rectangular cross-section of the depth 
d and breadth b ; and representing by R the limit of the strain on the unit of area 
of the fibres at the distance ^d from the neutral axis, and for y, substituting ^d, and 
for I icB value i^6(f ; there obtains, from Eq. (K^ 

which expresses the relations that must exist between 5, d, W and z to satisfy this 
condition. 

m. The quantity ^ R & (T receives the name of the moment of rupture^ when R is 
the strain on the unit of surface at the instant that rupture takes place ; and its value 
has been determined by direct experiment as stated in the subject of the Resist- 
ance of Materials. But it is to be noted that as the proportionality of the elonga- 
tions or compressions of the fibres to the forces causing them is true only within 
certain limits, and that it fails when the strain approaches that of rupture, the results 
obtained fi'om Eq. (L) will be found to accord with experiment only within these 
limits. 

XL SoUda of Equal Eesistance, — ^A like problem presents itself, in strains caused by 
deflection, to the one in which the strains are caused by a force acting in the direc- 
tion of the fibres ; in which, the cross-sections, varying from point to point, but 
being similar figures, it is proposed so to determine the longitudinal section, that the 
greatest strain on the unit of area for each cross-section shall be constant. 

Represeniing this constant strain by R', and supposing the cross-sections to be rec- 
tangles, Bq. (L) becomes 

Ws 

Now Eq. (L') may be satisfied in various ways; by making W either constant, or 
variable with s; by making either 5 or d constant, or.variable ; or by making anj 
one of these quantities to vary with the other. 
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The following cases may be taken as examples of the applications o' Eq. (L). 

Case \8t Suppose a bar (Fig. I), the 
cross-section of which at every point is a 
rectangle, with a constant breadth, but van* 
able depth, to be fixed at one end in any 
manner, and strained by a constant force 
W| acting, at the other, in the plane con- 
taining the mean fibre, and perpendicular to 
this fibre. For any cross-section at the dis- 
tance t from the point of application of W, 
Fig. L representing the yariable depth by y, Eq. (L) 

becomes, 

which is the equation of a parabola, the vertex of which is at the point B. Assum- 
ing the line A B of the longitudinal section to be a straight line, the line B D which 
bounds the figure on the opposite side will be the parabola given by the equation. 

Case 2d, If the strain arises firom a weight 
uniformly distributed along the line A B (Fig. £), 
and that for a unit of leugfth of the line, the oor- 
responding weight is represented by w\ then, 
for any distance s firom B, the weight will be 
w%^ and its arm of lever, for the cro8fr«ection at 
the distance s from B* will be ^ s. If then the 
breadth remains constant and depth variable, Eq. 
(L) will take the form, 




Fig. E. 



R'= 



^ /. y*=-^««andv=^ 




s: 



i&y* iwo V R6 

which is the equation of a right line B D of which B is the origin of coordinates. 
Case 3dL Taking W as in the first case, let the ratio of 6 to (i be constant, or 
h = dm^ then Eq. (L') will become 

"Ws 



R' = 



. 6 W 



which is the equation of a cubic parabola for the curve between B and D (Fig. K). 

Case 40. Taking W as in the first case, let the 
depth df (Fig. L), be constant, and the breads 
yariable. Itepresenting this variable breadth by 
a;, Eq. (L') becomes 



X^. L 




R' = 



ff = 



which is the equation of a right line having the 
origin of coordinates at B. The figure of the 
longitudinal section perpendicular to the line of 
action of W will be an isosceles triangle, C B D. 
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Oaae bth. Supposing, as in the second case, an 
equal weight w on each unit of length to be dis- 
tributed along the centre line A B (Fig. M), and 
the depth to be constant and breadth variable 
Tbea for any cross-section at the distance » from 
B, Eq. {It) becomes, 



Eig.M 



R' = 



iw«« 



X = 



8 W 



»«. 




ixcP' " """ R'd" 

which is the equation of a parabola haying its ve> 

tex at B, at which point A B is tangent. The figure of the longitudinal section will 

therefore be bounded by the two equal and symmetrical parabolic arcs B C and 6 D. 

Case Sih, Supposing a bar to rest horizontally on two supporu. A, B (Fig. N), at 
Its two extremities, and to be strained 
by a weight W acting at any point D, 
and that its depth is variable and 
breadth constant. Represent the 
length A B by 2 ^ and the distance C D 
between the middle point of A B and 
the cross-section where W acts by s. 

From the theorem of parallel forces, 




Flg.N. 



the pressures on the points A and B, and consequently their reaction, are the paraJ- 
lel components of W acting at these points, and are expressed for the point A, by 

W, and for B by „ , W ; and their respective moments, with regard to 



2 1 •'2 1 

the neutral axis in the cross-section at D, by 

for any cross-section, becomes 

W(/'-«*) 

^ - — 27 — • 



(i-«) (i+2) 



21 



W. Eq. (L'X therefore 



y* = 



3 W 



(P-O; 



iby^' '• ' - R'6/ 
which is the equation of an ellipse referred to its centre and axis. The Hne A B, 
therefore, being a right line, the outline of the longitudinal section of the bar on the 
opposite side will be the semi-ellipse A E D ; the semi-conjugrate axis of which can 
be found from the equation of the curve by making z=o. 

Were the weight W to act at the point D alone, then the problem would fall into 
the Case 1, and the longitudinal section would be bounded by the two parabolic 
arcs A E and B E. 

Case *l1h. Supposing a bar 
to rest, as in the preceding 
case, on two supports, A, B 
(Fig. 0), and a weight w to i>e 
distributed over each unit of 
length of the centre line A B ; 
the depth of the bar (2 to be 
constant, and the breadth vari- 
able. Representing by 2 Z the 
length A B, and by s^ the distance C D of any cross-section from the cenijre. C 

51 ^ : ; 
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then, from the theorem of parallel forces, sts2iol is the total weight dlstribated orer 
A B. Lhe pressure on each support and consequent reaction will be«7^ But the 
weight distributed over the portion D B is expressed by to {I — z). Thecross-sectioii 
at D will therefore be strained by the two forces w I acting at B upwards ; and 
10 {I — z) acting through the middle of the distance D B downwards, Eq. (L') to oon- 
ibrm to these circumstances will become 



^W P + ^ tt? 25* 



X = 



which is the equation of a parabola referred to the coordinate axes C B, C E. The lon- 
gitudinal section perpendicular to the line of action of the force 2w I will be bound- 
ed by two parabolic arcs A E 6, and A F B, the vertices of which will be on the line 
E F bisecting A B. 

Case Sth. If, instead of a 
-j^^ _j g weight uniformly distribute 

■^^^ along the centre line, a weight 

^\^^ W were placed at a point D 

->>B (Fig. p) of this line, then the 

^^^ moment of either component 

'^ of W at A, or B, with respect 

^ to the transverse section at D 

will be equal to the moment 
of flexibility at this section. This case therefore is the same as in Cojst 4, and the out- 
line of the longitudinal section will be two isosceles triangles, having a common 
base E F, and their vertices at A and B. 

If, as in Cast 6fA, the weight may act at any point, then the outline will be two 
parabolic arcs, having their vertices on the perpendicular to and bisecting A B as in 
C<ue 7^. 
O. Efftd of Ihefigwre of the crotnsecHon on (he resistance to strains caused by deflection. 
From Eq. (K) which gives the strain on the unit of area^r any fibre at the dis- 
tance y from the neutral axis, or 



there obtains 



= R. 



From this it is seen, that, for any constant value of the bending moment Ws, the 
strain R on the unit of area for any flbi'e, at the distance y from the neutral axis, will 

be the smaller as — is the greater. But for any two cross-sections, bavmg the 

y 

same area A, in which y = -^ e? is the distance of the extreme fibre from the neu- 
tral axis I will be the greater as i d is the greater. These considerations tberelbrs 
give a very simple means of comparing the relative resistance offered to defleetioi] 
.^ by cross-sections of equivalent areas, but of different figures. 
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Taking, for ezamplefl, the equivalent cross-sections in the rectangle (Fig. F), th« 
eUipae, and the x girder (Fig. U.\ the respective values of -—t are, for the rectangle, 

for the ellipse, the area of which 'is^irbd, there obtains, 

id id -^^"^^ 

for the X crofls-section, if the breadth b—b' of the web connecting the two flangea 
be se small that its area may be neglected in estimating the quantity I, and in 
like manner the thickness d — d! of the flanges be also so small, as compared with d 
that it may also be neglected in the same way, then the value of I will nearly ap- 
proach to the quantity ^ A cf", in which A is the area of the Qanges, therefore 

I iAd« 



id id 



= iAdL 



Comparing the three valves above of r-^i it is apparent, that, A being the same 

m each, the crofls-section of greatest resistance is that of the x form ; and that of 
the rectangle is greater than in the ellipse. And that in each, A remaining the 

same^ but b varying inversely as d^ j-r will increase with d. This shows that the 

mass of the fibres should be thrown as far from the neutral axis, which in each of 
these cases is taken to bisect the distance d, as the limits of practice will allow. 
Hence is seen the advantage presented in the cross-sections of Figs. Or and U. 

p. Shearing Strain. — This term is applied to the resistance offered by the fibres 
to a force acting in a plane perpendicular to them, as illustrated by Fig. G ; and the 
force producing the strain is termed a shearing force. 

The result of the action of such a force would be such, for example, as would be 
seen in the distortion that would take place in a very short bar of great relative 
itifihess, like a nail or peg, which flrmlf fixed at one end, should be strained by a 
force acting on the projecting part perpendicular to its axis. 

Comparatively few experiments have been made to determine the amount of re- 
sistance offered to this kind of strain. But from the evident analogy of the phe- 
nomena in this case to those in the case of the direct elongation of the fibres, writers 
on the subject have proposed to express the relations between the distortions of the 
fibres and the forces producing them by formulas analogous to those for the forces 
and resistances in the cases of direct elongations. 
Represent (Fig C) by 

L, the original length of any fibre a b between the 

two consecutive planes A B and C D. 
y, the distance b b' which every point of the plane 
C D has moved in the direction of C D, relatively to 
the plane A B, owing to the force causing this di» 
placement. 

(, the strain on any fibre. 
a, the area of the croasHBeotion of any fibre. 
G, a constant 
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Now, in the displacement of a 5 from the position a & to a (', it may be aasamed 
from analogy, that the resiatanoe to this displacement is, on the one band. propor« 

tional to a ; and on the other, to ^ , which is the measure of this displacement 

jj 

referred to the unit of length. To express the hypothesis there obtains 



<=Ga-^, (M) 



hi which 6 may be considered either as constant for any elementary fibre, or as T«ii« 
able from one fibre to another. In either case there obtains 



1. 
a 



.= G,(N) 



y 
L 

which expresses the ratio between the strain on the unit of area of any fibre aod 
the displacement of this area corresponding to a unit of length. 

Representing by T the entire resistance to this displacement of C D ; by A its 
area; and assuming G as constant throughout its area, there obtains from Eq. (M) 

T = GA-f .(0) 

It has been proposed to call the quantity E, in the preceding analogous expreesioa^ 
modulus of kmgitudincU ekuUcUy, and the quantity G in this modukta of lateral 
tlasUcUy. 

E 

So far as determined by experiment, the ratio of the two quantities, or -r^, differs 

butUtUefix)m 3. " 

From the preceding discussions it will be seen, from the hypotbesisadopted, that the 
resultant of the resistances offered by the longitudinal and lateral elasticities of any 
material to a strain, caused by any force which calls into action these two resistances, 
passes through the centre of grsTity of the resisting section, this point is vtermed 
the eenAre of el<uiicity. 

<)• lAmils of ike resistance on ike ttnil of area to a longiiudincU, or laiered siraiii. 

By means of the fundamental formulas (A), (L). and (0) the limit of the strain on 
the unit of area, at the fibre where the strain is greatest, caused by a force acting in 
the plane of symmetry of the cross-section, whether perpendicular or oblique to the 
direction of the mean fibre, can be readily determined. 

Supposing the force to be oblique to the mean fibre, it can be resolved into two 
components, one P perpendicular to the direction of the fibre, the other Q parallel to 
it. The component P will prodnce a defiection, which will give rise to a eertain 
amount of compression, or extension in the extreme fibre, the value of which, for the 
unit of area, can be found from formula (L). In like manner the component Q will 
cause a certain amount of compression, or extension, the value of which, for the 
unit of area, can be found from the formula (A). Now these strains being in^bediieo- 
tion of the fibres, their amount on the unit of area for the extreme fibre, will be equal 
to the sum of the two calculated from formulas (A) and (L) ; and should not be greater 
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than the resiatanoe B that can be offered with enfety to the unit of area in question; 
or 

d 
m which --> ia the diatance of the extreme fibre from the neutral axis ; and A ia the 

area of the cross-eection. 

The component P is also the amount of the shearing force on any cross-eection ; 
and the resistance to it on the unit of area can be found from formula (0), denoting 
by R' its limit there obtains 

for this limit 

If the strain, therefore^ on the unit of area is in the one case leas than R, and in 
the other less than B', the change which the fibres will undergo under the action of 
the force will be within the limits of safety. 

Itia important to remark, that the values of R and R', when the sign of equality 
is used in the two preceding expressions, cannot always be satisfied in practice for 
any assumed area of cross-section, although for economy of material it is desir- 
able they should be. Taking, for example, a beam of a rectangular cross-section, 
the area of which is expressed by & d, which is deflected by a pressure W, actiug 
with the arm of layer i^ the two preceding expressions, in this case, taken as equali- 
tiai^ become 

As W, 2^ B and R' are given, the values of 5 d^ and & d^ as determined from theia 
can be represented by the equalities 

6 d" = w, and 6 d = n ; 

henoe, dividing the one by the other, there obtains d = — , and 6 = — . Now 

n m 

these values may be such as to make d so much greater than & as to be beyond the 

limits of practice ; in which case a value should be given to d, such that the value 

of hj determined from the equality h(P = m^ shall be within the rules of practice, as 

the strain from deflection is more to be guarded against than that from the shearing 

force. Whilst the limit from deflection should not be exceeded, neither should that 

from shearing be dangerously so. 

r. Relations between the strains and (he forces producing them in the ease of straight 
beams, or girders of uniform cross-section, resting on two points of support, in which 
(he forces act transversely to the mean fibre. 

The case here given finds a number of applications in the combinations of straight 
beamaof timber or iron in framing; in which it may be necessary to find the reac- 
tions of the points of support from^ the forces acting on the beam, the changes caused 
by the strains on the fibres, the amounts of the bending moment and the shearing 
'orce, with the view of so proportioning the figure and area of the cross-section as to 
resist the greatest strain to which the unit of area can be subjected at any point 
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The strains on a beam, m 
der the circumstances above, 
maj arise either from a weight 
or pressure acting at one point 
between the supports; or from 
weights, or pressures of equal 
intensity unitbrml/ distributed 
along the entire leog^h of the 
beam ; or from both of these 
combined. In either case the 
weights or pressures muat be 
applied perpendicularly to the 

mean fibre of the beam, and the reaction of the supports taken vertical. 

Case 1. (Fig. Q) Beam resting horizorUally on supports at each end^ and strained 

by a force acting perpendietdar to tiie mean fibre ai its middle poinL 
Represent by 

2 I, the distance A B between the points of support. 

3 W, the force applied at C th'e middle point 

X and y, the coordinates of any point of the curve A D B, assumed by the mean 

fibre under the action of 2 W, referred to the axis X and Y, through C. 
« = £ I, the moment of flexibility, Eq. (!'). 
{, the radius of curvature at any point. 

From the theorem of parallel forces, each point of support will furnish a reaction, 
expressed by -W, equal and contrary to the components W of 2 W. Then, from 
£q. (I'X there obtains, to express the relations between the bending moment and the 
moment of flexibility, by substituting W {I — x) for Ws^ and for I^ (iv = ( « 

W jl-x ) 1 W (l^x) „, 



(<fa»H-rfy')> 



dxd^ 



there obtaini^ 



and substituting for the radius of curvature ^^ the value 

d^ 

dx* 

Regarding the deflection as very small, -~- , which is the square of the tanguit to 

axi 

curve at the pouit x, y, may be omitted, and Eq. (2) becomes 

.-g.= -W (/-*). (3) 

Integrating Eq. (3), and noting that, for a;=o, the tangent becomes parallel to tilt 

du 
axis of X, and —^ == o, there obtains 
ax 



dy _ 



dx 



= W (-i a; +-;r>- W 
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Integrating Eq. (4), and noting tbat^ for z=], 7=0^ there obtaina 

y--(--2- + -e-+-ir=-S7P-a^)(2P+2/x-»-);(6) 

which Ss the equation of the curve D B of the mean fibre. The greatest ordinate 
of the curve C D, represented bj/ is obtained bj making a; = o, Eq. (5) ; hence 

Case 2. (Fig. Q) Strain arinngfivm a weight or pressure to, uniformly distributed 
aver each unit of leTigth of 21 

In this case the reaction at each support will be —to I, and is equal and contrary 
to either of the two parallel components of 2 w 2, the total weight. 

For any distance l—z firom B, the weight will be w (l-^x) acting downward ; the 
fibres therefore at the cross-section at the pointy x, y, will have a strain caused by 
~w I acting upwards, and 10 (l--x) acting downwards. The moment of the force of 
reaction will be-- 10 2 (/—x); and that of 10 (/—x) will be w (l—x) ^ (/— x) = ^ 
w(l—x)\ The bending moment therefore will be the algebraic sum of these two. 
Kq. (3) then becomes 

. ^ = i w {l-xf -t. / (l-x) = _ i «7 (i--*^. (6). 
Henoe, by the aame prooeases of integration as in Case 1, 

•=*t(S-^)h-£t'-<« 

= i-^(P-a^(6P_«^(9) 

A comparison of the value obtained for f, the greatest ordinate, fit)m Eq. (9), and 
for/ obtained from the following equation, 

which is the equation of a parabola, obtained by omitting x* in Eq. (9), the greatest 
value of which is /*, as small with respect to 6 ^, will show that the latter equa^ 
tion may be substituted for the former, as that of the curve A D B. 
From either of the two preceding Eqs. there obtains, for/ corresponding tox=sOf 

5 to 
f= — — 1^ 

To ascertain the position of the cross-section where the greatest amount of this 

■train on the unit of area obtains, it will be necessary to examine the values of the 

bending moments 

- W (Z-x), and - i w (^-a^, 

in the two preceding cases. Each of these will be greatest for x = o. Having this 

greatest value, its relation to the limit R can be found by the process already given. 

The shearing force, which is W in the one case, and w x in- the other, for any 
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crosB-section at the distance x from B, it is seen will be constant throughout in Oase 
1, but variable in Cast 2. Having its greatest value for x =: /, in the latter. 

Taking the value of/, or the g^reatest amount of deflection in the two eases, it 
will be seen that, supposing/ the same in both, W = f 10 ?, or that the valae of/ 
obtained from the force 2 t^ /, uniformly distributed, would be obtained by f 10 acting 
at the middle point G. 

If it were desired that the greatest longitudinal tension on the unit of area should 
in each case be the same, then the greatest values of the two bending moments 
^(Z— sc), and i w (/"—«*), must be equal, or, 

W / = i w P, hence W = i w /; 
which shows that the greatest longitudinal tension on the unit of area when the 
weight Ib uniformly distributed is the same as what would arise from half this wdght 
acting at the middle point C. 

It is easy to apply the Eqs. in the preceding cases to the one in which there 10 
weight 2 W acting at the middle pomt, and one 2wl uniformly distributed, by re- 
membering that the forces of reaction at A and B will be represented in this case 
by W and wl\ and that the bending moment for any cross-section will be the al- 
gebraic sum of the bending moments g^ven in the two preceding cases. 

Case 3. (Fig R) Beam having its hoo ends firmly held down on its supports; as^fw 
example, a beam having its ends embedded in any manner in two parallel waUs. 

In this case, the strains 
are produced by a force 2 W 
acting, as in Case 1, at the 
middle point, and one 2 v/ 
uniformly distributed as in 
C<ue 3. The circumstances 
differing from the other two^ 
in that the ends of the 
beams are supposed to be 
held in a horizontal position 
by being firmly embedded. 
This condition may be sup- 
posed to arise from foroes 
acting vertically upon the embedded ends beyond the points of support A B. 

With respect to either of these forces, as the one at the end towards B, which may 
be represented by Y, it can be transferred to the point B by substituting a couple, 
in the usual manner, the moment of which being unknown may be represented by 
fu With respect to Y, it will be determined by the consideration that the reaction 
at each support will be W+to I. 

Adopting the same notation as in Ckises 1 and 2, the relation between the moment 
of flexibility, for any cross-section at the distances from B, the bending mcments, and 
the moment of the couple /i, will be expressed by. 



Jig.'K 



A W+ «' 




w* w 



aW 



dx" 



= « W (/-«) - itiF(/«-a:^ + ,., (10) 



V 
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Ihtegiatiiig between the limits of x, and jb = o, there obtains^ 



'<b 



= - w( /•- •?)-♦*• (^*- t) + '' "^ ^"> 



But as the tangents to the carre^ both at B and C, are horizontal, ~-=s o^ (br the 
Talnes, xsso and 9 = L From this last limit therefore, there obtains^ from E<|. (^1% 

henoe 

Substituting this value of /i in Eq. (11) and reducing, there obtains 

= - i W (fa-a^ — i » (ftp-a^; (12) 
Integrating Eq. (12), and noting that for « =s ^ y = o, there obtains^ 

.» = 4W(— ^ + -|-+-i-) + i«(-if.+^ + ^)i (18) 

for the equation of the eunre A D B. 
Substituting x =o, in Eq. (18X the oorresponding value for y =s/ becomes 

/=^— (W + ivQ. 

From this Tidue of/ it will be seen that it is the same as if one-half of the pressure 
unifonnlj distributed had been oonoentrated at the middle point; and, by making 
to s o and W = o, respectively, in it, that the oorresponding values of/ obtained 
will be in the relations of 4 and 6 respectively to 1, as compared with/ in the pre» 
ceding caeesL 
Substituting in Eq. (10) for ft its value^ 

there obtains, for the bending moment^ 

.-g-=-Y(»-a*)-*«'(P-8a^ (•) 

From an examination of this equation it will be seen that it is essentially negative 
for « s o, and that as x increases its absolute value decreases, up to a value «' of « 
for which 

'--^(f-i»ri-iw(l'-Zx'*)=o; 

and whidi equation, solved with respect to x\ will give one positive root^ comprised 

between the limits of ^ ^ and w--- ; the ilrst corresponding to w as o, and the second 

to W=s o. With regard to the root x' of the preceding expression, as it corresponds 

25 
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to the value -3-^ = o, it shows that there will be a point of inflection in the cairs 
oar 

oorresponding to the abscissa a^; and, beyond this point, that Eq. (a) dianges its 
sign, aod continaes increasing in yalue; and, as the greatest negative value corre- 
sponds to a; = o, and greatest positive value to a* = /^ it will be seen, that since these 
values, which are respectively, 

-iW/-iw/«,andiW/+J«;? 

are the one minus, the other plus, the greatest strains on the unit of area of the 
cross-sections will therefore be at B and D ; the lower half of the cross-section being 
compressed at B, whilst that at D is in a state of tension. 

The strains from the shearing force, at any cross-section, will arise from the two forces 
W, and w (I —x) ; and as the introduction of the moment ft of the couple does not 
a£fect these values, it will have no effect on these strains which will be due alone to 
them. 

8. Beams tupport&d at Uiree points in the same right line, and acted u^pon by pres' 
suires distributed in any manner perpendicular to the meanjibre. 

When a rigid beam rests upon three or more supports, in the same right line, the 
ordinary rules of statics do not furnish the means of determining the amount of pres- 
sures, and consequent reaction, at each point of support, arising from pressures acting 
upon the beam ; the problem in such a case being indeterminate. 

Taking^ for example, Case 2 of a beam re^img on two supports, and having a 
weight uniformly distributed along its length, it has been shown that each support 
bears one half the distributed load ; and that the deflection of the mean fibre at the 
middle point, represented by/, is the same as the beam would take were f ths of the 
load acting alone at the middle point Now, when the beam is in this condition, it 
is clear that the pressure upon a support, in contact with it at its middle point, 
would be zero ; and if the support is raised so. as to bring the middle of the beam into 
some position intermediate between C and D, the pressure on it would be a certain 
portion of the entire pressure, whilst each extreme support would be relieved of a 
certain corresponding portion of this pressure ; and so on, until, the point of con- 
tact being brought in the same right line with the extreme supports, the intermediate 
support would evidently counteract the total pressure at C to which the deflectiou is 
due; which being fths of the entire load, the reaction of the middle support would 
be equal to this. The two extreine supports, in like manner, would furnish a reac- 
tion equal to the remaining f ths, or ^^tbs of the total load for each. 

Ckise 1. (Elg S). Beam resting on three points of support in the same right Un$ 
dividing the length into two vmegwd segments. 

Let each segment, A B, 
^* ^ B C be supposed to be 

strained by a load uni- 
formly distributed along 
its length, but of unequal 
intensity on the no t of 
length in tlie twa 
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Bei^'esent bj 

sr and 2 /, the respective lengths of A B and B C ; 

w, and w\ the pressures on the unit of length of 2 /' and 2 1 respecUTely; 

Q' and Q, the forces of reaction at A and C ; 

P, the force of reaction at B ; 

Xy y, tlie coordinates of any point in either segment referred to the rectangular 
coordinate axes having B for origin ; 

u, the angle wliich the tangent to tlie curve at B makes with the axis of X* 

In this case the forces of reactions, Q', Q and P, are among the quantities to be 
determined from the conditions of the question. 

As the total luad, or pressure 2 w' I' and 2 u? /, on each segment respectively, may 
be regarded as acting at the middle point of the segment, and as their sum is equal 
to the sum of the forces of reaction ; from the principles of statics, there obtains the 
relations, 

Q' + Q + P = 2wW' + 2wl, (a) 

Q' X 21' + 2wl xZ=Q X 2/ + 2tt;'/' x V ; (b) 

in wbick £q. (a) expresses the relations of the sums of the forces ; and Eq. (b) that 
between their moments with respect to the point B. 

Beferring to £q. (6), Case 2, § f , there obtains, to express the relation between 
the moment of flexibility for any cross-section of the segment B C| at the distance 
cfrom Bf 

« ^ = 4 w (2 l-xy - Q (2 l-x); (I) 

integrating between the limits of x^ and a; = t>, and observing that for the latter 

dv 
limit, -~— = tan. <o ; and that the constant introduced by the integration beoomei 

c tan u ; there obtains 

« ^ = i w(4Px^2lsc'+ ^^-Q^2 Iz - -^')+ c tan. »; (2) 
integrating Eq. (2), there obtains 

.y = l«7^2r'u:»-.f /«- + ^^ - Q (l«*--^)+ *tan. ««, (3) 

for the equation of the curve of the mean fibre of the segment B C. 

By simply changing i^, Z, Q to correspond to the notation for the segment A B, and 
+ s tan. (D into — c tan. co, in Eqs. (1), (2) and (3), the same relations will be ob- 
tained for the segment A B. 

But since, for jc = o and x=2lfy becomes zero, there obtains by the substitution 
of dr = 2 2 for the segment B C, and a; = 2 Z' for the segment A B, the relations^ 

o=r2wZ*— }Q/"H-« tan. w/. (c) 

o = 2w'l'*-i Q' /'•- « tan. (u V. (d) 

Prom Eqs. (a), (b), (c) and (d), by the ordinary process of elimination, the qnantitiei 
^, Q, Q' and tan. u can be readily found, 
jkipposing w=iw' and / =s T ; then there obtains Q = Q', and tan. u = o^ siiioi 
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the two segments become STrnmetrical, and the tangent to the curve at B psraUel to 
the axis of X. Making these substitutions in Eqs. (a) and (c), there obtains 

2Q + P = 4ti;^ (a^ 
2w^ = fQ/»,(c') 
By elimination between these two Eqs^ there obtains 

Q = f tt;/=:-^{4wO, andP = |(4wO, 

which are the same values as already given in the second paragraph of this section. 
t. (Fig. T) Beams resting upon any number of intermediate poitUs of support 
between their two ends, having their segmenU uniformly loaded. 
The same processes, followed in the preceding sections, find their applications in 

the cases tiiat fall under this 
^ section; the only difficulty 

-^ ^ in their application arising 

o* from the tediousuess of com- 

plication in arriving at the 
results sought. To avoid 
B e ^^ the expedient has been 

^ ^ adopted, ioscead of finding 

the values of the forces of 
reaction at the points of support directly, as in § s, to use the bending monients 
taken with respect to the cross-sections at the points of support, as auxiliary unknown 
terms, and from these to determine the forces of reaction, and also the bending 
moments and shearing forces for any intermediate points between the supports. 

Let A B and C be any three of the consecutive points of support of a beam, all of 
which are in the same right line. Represent by 
/ and /', the segments A B, B C ; 

10, w'j the pressures on the unit of length of I and /' respectively; 
X', X", X'", the bending moments fbr the cross-sections at A B C ; 
Xy y, the coordinates of any point of the segment I referred to rectangular coordin- 
ates having A for origin. 
Taking a cross-section at any point, at the distance x from the origin A, the weight 
uniformly distributed over the length (l—x) is w (/— 2), and its moment will be 
— ^u7(/~fl;)^ estimating the direction of the rotation from AX towards AY as 
positive. Then, in the expression of the bending moment for this point, there will 
enter this moment, and also the moments of all the other forces, arising from the 
reactions of the points of support, and the pressures distributed uniformly over tho 
different segments, from A towards X ; the moments of which last forces will be 
expressed in terms containing the first degree of x only and constants; so that, 
definitively, the bending moment for this cross-section will be of the form A+Ba;— 
^to «*; in which A and B are constants, to be subsequently found. 

Taking then the general Eq. between the moment of flexibility and the bending 
moment^ there obtains. 
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du 
IntegratiDg between the limits oTx and x = Z, and representing bj K what --^be- 

eomee for a = o ; and bj K" for « = ^ in determining the valae of the oonatanti ot 
integration, there obtains 

t (-^ - k) = A * + i Ba« - i w«\ (2) 

y(K"-K') = AZ + iB/*-i«;?. (3) 
Integrating Kq. (2) again, between the limita a; = o, and x = 2^ there obtains 

-rK' = iAi-hiBJ»-,»Tf(;i«, (4) 
Eliminating K' between Eqs. (3) and (4), there obtains 

*K" = iA/-f- 4B/»-iwi«. (5) 

By placing the origin of coordinates nt B, the bending moment, for any cross a e O" 
tion in the segment B C, will, in like manner, take the form A' + B' x — •|w' c*, by 
nsing the same procefises as in the segment A B; and from these it will be seen, that 
there vnll be the relation, analogous to Rq. (4), Hliown by the expi'ession, 

— «K" = iA'r + J B' /«-,«? w'r*. (6) 

Eliminating K" between Eqs. (5) and (6), there obtains 

4Ai-|-iA'rH-iB^ + tB'r«-itt;/«-,V«;' /" = o. (7) 
Now the quantities A, B, A', B\can be expressed in terms of X', X", X'"; Ibr 

the fhnctton A + B j; — ^ w t? should have tlie same ralues as X' and X'\ Ibr 
• = o and x-='l\ making these substitutions for x in this function, there obtains 

A = X' for af = o; and A + B ?-i wZ» = X", for « = i 
Hencei 



In like manner. 



A = X', and B = i«/ + ^" ^ . (a) 



A' = X", and B' = i w' V + ^"' ^^" . (b) 



SubsUtttting these values of A, B, A', B' in Eq. (7X there obtains 

hence, 

XW-h 2X" (/ + /') + X'"r + i (wr + w'V*) = o; (c) 
which expresses the relation between the bending moments for any three consecu- 
tive points of support 

This striking theorem furnishes the means of obtaining the relations between the 
bending moments for any number of cross-sections on consecutive points of support. 
Supposing n+1 to be the number of consecutive supports, represented by Ao, Ai, 

At A._a, Ar-i, A.; and the corresponding bending moments by Xo, X), Xa, 

— ^X,_i, Xa. It will be apparent, in the first place, that fVom the conditions of the 
problem, the bending moments X» and X, of the two extremities must be zero; 
and that, therefore, the quantities alone to be determined will be from Xi to X..|, 
or n-1 unknown terms. To find these it will only be necessary to apply Eq. (c) 
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successively to each consecutive pair of segments to obtain tbe number of equatloni 
from which, by successive elimination, Xi, X9, etc, can be found. 

Having, in this manner, determined tlie beudiug moments Xi. for tbe correspond' 
ing points of support ; that for any point, between two supports, of an interroediate 
segment, can be found ; and the equation between it and the moment of flexibiKty 
be deduced ; by determining, fV'om Eq. {n\ the values of A and B corresponding to 
tiiis segment, and substituting them in Kq (1). Tlie final equation, determined by 
integrating tbe equation twice, will give tlie relations between x and y of the curve 
of the mean fibre in this segment. 

Applications of Fbniuda (c). — ^This formula can be applied, first, to find the bend- 
ing moments at the points of support ; and second, from their values to deduce the 
pressures or reactions at those points. 

Case 1 . Beam resting on three points of support at equal distances apart — ^This case^ 
which has already been considered, is repeated here to compare more directly Dms 
method with tbe one treated in § s* In this case, the quantities represented by 
/, l\ tr, «?', Form (e), become respectively 2 / and «;; and X', X'" are each, zera 
Making these changes, there obtains, 

2X"(2/+ 20 + i(«7 8/« + w8/") = o, or8X"Z + 4tt;Z' = o 
hence X's-iwr. 

But from Eq. (1), § S9 making z = o, the value of the bending moment for the in- 
termediate point of support isQ2/—2tor, by changing the signs of both members 
of the equation to conform to the foregoing value of !X'. Equating these two values 
of the bending moment, there obtains 

Q.2 / — 2 w i» = — i w /■, hence Q = Jtt;/=T^(4tflO, 

which is the same value as before found. 

Case 3. Beam resting on fow points of support, the two extreme seffmenis being eqwd 
and ifte middle one unequal to either of the others. 

Let A, B, C, D (Fig. XT) be the four points 
TSrf. U of support; the segment A B = C D. Re- 

present the segments A B, C D by /, and B C 
A 4 I A by n^; by Wi^ to^, Wt the pressures on the 

' ^ G ' ' D ^^^^ ^^ length on the segments A B, B C, C D 

respectively. 

First, to find the bending moments, X], X3, for tbe cross-sections at B, C there 
obtains from Form, (c), for the segments A B, B C, 

2X1 (/ + nO + XjnZ + i(w,? + w,n«/") = o, (x) 

as Xo, = o; and for segments B d C D, 

Xi Z + 2X, (/ H- nJ) + i(Wa n»i» + w, P) = 0^ (y) 
as Xs = o. 
Bliminating between Eqs. (z), (y), there obtainSi 

^ = 4(a+n)'(2+8») t"*' - «*(2 + «)«. - a a + »)«.]. (•) 
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Taking no«r the geDeral expression for the bendlcg rooment, X, at any point of 
the segment C D, which is of Che (brni, 

ajd determining the values of a and /?, as in Kqfl. (a), (b) ; and making X = o, fot 

x=o\ and X = Xa, for a; -= Z ; the values of x being estimated iVom D, then 

obtains 

a = o, and /? / - 1^ w, /* =r Xi ; 

which substituted in the preceding expression, there obtains 

(X \ 

— - ■^iWtlJZ'^iWtX', (o) 

In like manner, for the segment C B, estimating the x'a from C| the general value 

of X takes the form 

X = a' -h /3' ari —-J Ws 3^1 j 

determining a and 0' from the conditions that for x = o, X = Xt , and for a*i = n / 

X = Xi ; there obtains, after eliminating a\ 0\ 

(X — X \ 

—}—j-L + ^w^nl^xi-iw2a^i. (p) 

For the s^pnent A B, estimating the x^b from A, by a simple change of the notation, 
placing Xi for Xa, and Wi for tos, in the value for X for the segment C D, there 
obtains 

X = (— *- +i «^i n a^a— i toi x^2' (q) 

Now the object of the proposition may be, either to find the reaction at the 
points of support as in Case 1 ; or to find the strain on the unit of area at any 
cross-section. In the first case, the mode of proceeding will be the same as in Case 1. 
The bending moment^ arising from the force of reaction regarded as unknown, and 
from the total force distributed over the first segment which is known, must be 
placed equal to the bending moment as given in the Eq. (m), and from the resulting 
equation the force of reaction can be found. In like manner, the difference between 
the moments of the forces of reaction at A and B, and of the total forces on tiie 
two segments, A B, B C, must be placed equal to the bending moment given in 
Eq. (n), to find the force of reaction at B. The same pi*oces8es must be followed for 
the two segments D C, C B. 

In the second case, to find the strain on the unit of area for any cross-section, in 
either segment, the Eqs. (o), (p), (q) must be used, as in Cases 2, 8, § r. 

Case 8. lb determine the reactions at the point* of support in a beatn uniformly 
loaded on each unit of length and resting on five points of support at equal distances 
apart. 

Let A, B, C, D, E, (Pig T.) be the five points of support. Represent by 
I, the equal distances A B, B C, etc ; 

w, the weight on the unit of length ; lEltf.V 

P, the force of reaction at the middle point C ; , 

P', P', the equal forces of reaction at the P P 



*^ 



point B, D; P" T t 

P', P", the same at the extreme points t j | 

Ai E; p, 5 c" 
X', X", the bending moments at B and C. 
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Besumlng Form, (c; and applying it successively to the segmentsy A B, B C, nd 
B C, C D, there obtains for the two first 

2 X' (/ + /) + X"Z + l(ior + wl% or 4X' + X" + iw^=r o; 

and for the two B C, C D, 

X', + 2X"+iioP=:o; 
and by elimiDation, 

X' = - ,^ wP, and X" = - iV^^- 

Kow» for the segment A B, the forces acting upon it, to produce deflection, are the 
foroe of reaction at A which is P", and the weight to I uniformly distributed oyer the 
segment ; fh>m this there obtains, as in the preceding cases, 

For the segment B C, the forces producing deflection are the two forces of reac* 
tion P", P", acting with the respective arms of lever 2 / and I; and the two equal 
weights vf /, the one acting with the arm of lever } /, and the other with the am 
of lever ^ 2, hence 

F'.2/-hP'/--}ipi«-iio/ = -X" = -^^w^; 

hence, substituting for P", and reducing, 

F = ftoZ = ^(4i0/). 

Having determined P" and P', there obtains, since the sum of the forces of reactioo 
is equal to the entire load, 

P + 2P" + 2P' = 4tt/. .% P = f|(*wO. 

U, ApplieaUon of the theorenu in the preceding eedione to esUthaUng the ^od of 
Ike external finrcee in producing straine on the parte oompoeing a frame. 

Every part of a frame may be subjected either to a direct strain of compression, 
or extension, from an external force acting in the direction of the fibres ; to a stram 
on the fibres by a force acting perpendicular to them ; or to one arising from a 
foroe acting obliquely to the fibres so as to produce simple deflection, and either 
direct extension, or compression. 

The forces themselves mav be classified under two heads. 1st. Those which are 
directly applied to certain points. 3d. Those which are transmitted, from the points 
of application of the first, through the intermedium of parts of the frame to other 
pobts, and which, from the relationship of the parts of the frame to each other, can 
be found, by the laws of statics, when the first are given, or cuu be determined, as 
in the cases just examined of reactions. 

The problems, therefore, which present themselves for solution in this section, are 
to find the directions and intensities of the forces acting on each piece ; and to de- 
termine from them the form and dimensions of the cross-section of each, so that the 
■tram on the unit of surface shall at no pomt be greater than the limit allowed for 
aafetj. 

CoH 1. (Fig. W.}. Beam resting at the lower end tfpon a horiaontal eigppori, and ai 
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Ok upper againti a vertical ntrface, and atraimd hy a weighi applied at Ue middle 
point 

Let A B be the axis of the ' 
beam ; the middle point where 
the weight W is applied. Repre- 
sent by ly the leugth A B ; hj a, 
the HDgle between A B and the 
vertical line through ; H, the 
horizontal force of reaction at the 
point B where the beam rests 
against the vertical surface, and 
which is equal and contrary to a 
corresponding horizontal reaction 
at the point A, arising from a 
shoulder which prevents the 
lower end from moving outwards. 

As the couple H* — H tends to 
turn A B in a direction contrary to the action of Wi from the conditiona of eqntU* 
brium their moments must be equal, hence 

H X CD = Wx AD. 
But CD=:BE = Zaw. a; and AD = ^ A E = i / mn. «; and substitnting theoe 
values in the preceding expression, there obtains, 

H/a».« = W^/m. a, .-. H = iWtan. a 

The beam therefore is subjected at its lower end to the force of vertical reaction 
W, and one of horizontal reaction H. 

Now representing the force W, by the line A b ; and the one H by the line A p ; 
and constructing the parallelograms of forces, on these two lines respectively as 
resultants, having the components perpendicular and parallel to A B ; Ad and 
A m will be the perpendicular components of A b and A p, and A c, A n the parallel 
components. Finding the values of these components from the diagram, there 
obtains 
Ad=W8in. a,Ac = "W cos. a ; A m = } W tan. aco8.a,An=iW tan. o sin. a. 

The two perpendicular components, it will be seen, act in a contrary direction, and 
therefore the strain on the fibres, arising from simple deflection, will be due to their 
difference ; whilst the components along A B acting in the same- direction will pro- 
dace a direct strain of oompreesloa on the fibres due to their sura. 

The greatest value for the bending moment will evidently be for the cross-section 
of the beam at where the weight W acts. Therefore to express its value for this 
point, there obtains 

(Wsin-a — iAVtan.ooo8.a)iZ = JWsin. al 

Supposing the cross-section of the beam to be a rectangle, and representing the side 
in the direction in which W acts by d^ and the breadth by 6, there obtains, % q for 
the limit of the strain on the nnit of area at the extreme fibre, due to the deflection, 

_^, i W sin. a I . «. . / 
^ — . v^ = I W sin. a r-= 

63 
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For the strain on the unit of Burface fVom the direct compression arising from llie 
Barn of the parallel components, there obtnins 

„ __ "W COS. a 4- -J W tan. a sin. a 



E" = 



bd 



Now taking the sum R' + B.", the limit R'" of the strain on the unit of area muffe 
be less than this sum, or 

R'" < R' + R". 

In the preceding example, as in the following in this section, the relative dimen- 
sions of the lengths of the beams and their cro!>s-3ection are supposed to be such 
that/, or the greatest ordinate of the curve of the mean fibre, arising from the de- 
flection, may be regarded as so small tbut the direction of the components of the 
external forces parallel to this fibre shall deviate so slightly from a ritrht line that it 
may be regarded as such. In any other case the moment of the algebraic sum of 
these components would have to be added to the moment ot the algebraic sum oT 
the perpendicular components to obtain the bending moment. In practice it ia 
seldom that this is necessary, as the amount of defiection allowed is alivays very 
small 

Case 2. (Fig. X.) Beam haoing one end aolidiy fixed and supported nt some inter" 
mediaie point between the two enda^ either by another inclined beam helw, or by a bar 
above itj to atistain the action of a weight at the other end. 

Let A B be the pmjectiug portion of the 
beam, C the intermediate point to which a 
beam F C, or a bar E C is attached. 

Represent by "W, the weight noting at B per- 
pendicular to A B ; A C = ; and B C = /* the 
lengths of the two segments; a, ihe angle 
AFC. 

The beam being held in its position nnd pre- 
vented from tuminir around C by the downward 
vertical reaction at the point A. Represent- 
ing this force of reaction by W, there obtain^ 
from the theorem of paraUel forces. 




W+W-p 



WW = Wt', 






and for the resultant of W and W whidi acte 
through the point C, 

Representing this resultant by the line C b, and constructing the paralleLogrem of 
fcroes in the directions C B, C F of the axes of the beams, there obtaina, 

Ce = W^^tiLtan. a; Cd = W '"'"'^ 



/ - , — Zcos.« 

Taking the segment A C, it will be seen that its fibres will be strained by 
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force W — , actiDg at^ to produce simple deflection; and by the force W 

tan. a, acting in the direction C e, to pnxiuce direct extension. The limits of th» 
strains on the unit of area of the croes-section as a rectangle, in which d and h 
represent the sides, as in the preceding case, will be, 



»4 

R' = -rrr-^ , and R" = 



wi±iltan.« 



i6<P 



hd 



and for B'" < B' + R", 



hd^l bdl 

As the strain on the lower beam is direct compression, there obtains for this limi^ 

d cos. al 

in which V and (T are the sides of the rectangular cross-section. 

Like expressions would be found for the bar, the directions of the direct strains 
being reversed. Those on the segment A C being compressions, and those on the 
bar extensions. 

Oaae 8. (Fig. Y.) Strains on the paria of a frame of three heamM arising from a 
pressure ai one of the angular points, orfrofH pressures uniformly distributed over the 
lengths of two of the parts. 

In this combination the beams are 
united at the angular points by some of 
the usual joints for such purposes. 

Suppose, in the first place, the beam 
B C to be horizontal, and to rest on two 
fixed supports at B, C, and the pressure 
at A to arise from a weight W. 

Setting off from A the length A b along 
a yertical line, to represent the weight W ; constructing on this line, as a resultant, 
the parallelogram of forces, having the components A d, A c, in the directions 
of the two beams A B, B C ; and denoting the angles between A b and its two 
components by p and q, there obtains 




Ad=W 



sin. q 



Ac = W 



sm. p 



t^ip + qV sin. (pH-g)' 

Ity from d and c, two lines d m, e n be drawn perpendicular to A b, they will be 
equal, and will represent the horizontal pressure, or reaction of the beams at the 
point At which is expressed by 

_ sin. p sin. q 

dm = cnz=— : — f — --^W, 
sin. {p + q) 

Kow as the presstkres, represented by the components A d, A c, are transmitted 
through the beams to the points B and C respectively, they can each be resolved into 
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two oomponents, one yertical which will Tv» oouDteracted by the points of support 
Bi C ; nnd one horizontal, counteracted hy toe resistance offered bj the beam B C. 
The vertical component at B is evidently equal to A m, and the one at C to 
A n ; the horizontal components at B and C are each equal to d m = c n. From 
the diagram there obtains 



sm. q cos. p 

A m = W — : — 7 i- 

sm. (p H- g) 



sin p COS. 7 

A n = W — : — =- 7- ; 

8m (p-hg) 



for the yertical components, or pressures on the points of support 
When the angles, p and g are equal, there obtains 

I, 



Ad=Ac=i 



W 



dm = cn = JW tan. p] Am = An=:iW. 



C09. p 

The strains on A B, A C will be compressions ; and that on B C extension. 
Their limit on the unit of area will b^ determined as in the preceding cases for direct 
compression or extension ; which values, however, would be true only under the 
supposition that the relations between the lengths A B, A C and the areas of their 
cross-sections were such that there would be no strain from deflection. 

It is well in this and like cases, for convenience, to note, that the two triangles A d b, 
A c b into which the parallelogram is divided by A b, are similar to the triangle B A C ; 
that the perpendiculars d m, d n divide A b into segments which are respectively 
proportional to the two segments into which B C is divided by A b prolonged; and 
that in the resolution of either component of A b, as A d for example, at any 
point, as B, on its line of direction, into components perpendicular and parallel to 
A b, the two components will be respectively d m, and A m, which is the s^meat 
of A b between A and d m. 

In the case of an equal pressure, 10, on each unit of length of A B, A C| repro- 
sented by ^ / respectively, each beam may be regarded as in Case I ; the strains 
arising from the vertical pressures 10 / and w I' acting at the middle points of the beam& 
Case 4. (Fig. Z). Boof tnus framed toith einUs and king-posL 

The strains on the 
^ Z different parts in this 

and like cases aro 
usually due to a 
weight uniformly dis- 
tributed along the 
rafters, in which may 
be included the weight 
ot each rafter. 
B The struts E D, F 

D are intended to di- 
minish the amount of deflection of the rafters, keeping the middle point of each 
in the same right line as the two ends. Each rafter therefore will be in the condition 
of a beam resting on three supports in a right line, in which fths of the component 
of wl perpendicular to the rafter wfll act at the middle pointy and ^ths at each end. 
Representing by / the length A C, B C of the rafters ; by w the weight on the unit 
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of length; aud bj a, t^e' angle CAB between each rafter and the tie-beam A B ; 
then the normal pressure at the middle point of each rafter will be f w / coa. a, and 
that at each, end ,^9 w/cos. a. The oomponenta parallel to or aiong^ the raflere will 
produce direct compression. 

I\-es8ure on the Struts. — ^This pressure will arise from ^wl cos. a, RcpreneDting by 
the angle between the strat and rafter, aud by P the pressure in the direction of 
the strut, the component of P perpendicular to the rafter must be equal to the nor- 
mal pressure on the rafter, or, 

Psin. /? = |i»/cos. a, /. •P = fio/ 



sin. 



Tention on King-poit. — This tension arises from the downward pull of tlie pressure 
P on each strut, which is tranl^mitted to the lower end of tlie king-post, and from 
the weight of the tie-beam. 

As each strut makes an angle (/7— «) with the tie-beam, the component of P along 
the king-post will be P sin. {0—a\ and as the king-post prevents deflection of the 
tie-beam at the middle point, the additional pull on the part of the king-post above the 
lower end of the struts will be | W ; in which W represents the weight of the tie- 
beam. Therefore calling the total pull T', there obtains, 

T' = i W -+- 2 P sin. (.£?-u). 

Vertical reaction of 1^ points of support on the foot of each rafter from the \oeight 
of the roof-covering axd tie-beam. 

Representing bj W the vertical reaction at A, B, 2 W will evidently be equal to 
the sum of 3 to/ the weight of the roof-covering, and of f W which is the pull on 
the kingipoet from the weight of the tie-beam transmitted to the junction C of the 
rafters; there obtains to express the equality 

Tension on the tie-heam.-^The forces applied to the foot of each rafter at A, B, are 
the vertical reactions W, the weight i\ to /, and the tension on the tie-beam. 

Representing this tension by T, it is evident that the diD'erence between the com- 
ponents of W and T normal to the rafter must be equal to the normal component of 
f^fol; from this there obtains 

W COS. a — T sin. a = -^ lo / cos. a. .-. T = (W - -j^ » /) tan. a. 

When the weight of the tie-beam may be disregarded in producing deflection it will 
be subjected to the strain arising from T alone. 

From the preceding expressions, the values of T and T' can be obtained by sub- 
stituting for the values of P and W respectively. 

The strains on each segment of the rafter A C, for any croa<(-9ection, will arise 
from the forces acting normally to the segments at A and C which produce deflection, 
and from the forces acting along the rafter producing compression at the cross-section. 
Thf-secan be readily found in a similar manner to Case 1. 

Having found the amount of strain for each piece of the frame, the limit of the 
strain on the unit of area of the cross-section can be determined in the usual way. 

Case 5. (Fig. A') Hoof truss in which the rafters are divided into three equal 
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tnents, and supported at Vie poinU of divimn hy sinUs, the lower enda of wkieh an 
ntpported by a king or queen-post. 



Btf 



.A 




Wl^ 



Let A F. F E, E C 

be the three equal 
Begments; FC, E D 
the two struts sup- 
porting the poiuts 
F, E, and supported 
at their lower euds 
bj the queen and 
king-posts E C» C D. 
The more usual 

manner of determining the amount of strain on each part of the truss is to con- 
sider it as composed of several seoondarj triangular frames or trusses in which the 
piece common to any two of the secondary trusses, as a strut or tie-beam, for ex- 
ample, is subjected to the strains arising from the compressions or extensions brought 
upon it from the forces acting on the parts with which it is connected. 

Taking the half A C of the primary A C B, it may be regarded as composed of 
the secondary trusses A F C, A E D, E C D ; in which the strut F C, and the segment 
A G of the tie-beam form parts of the two first, etc 

As each of the equal segments of the rafter bears one-third of the weight, or ^to /, 
uniformly distributed over it, and is supported at its two ends, the support of each 
end will sustain one-half of this third 0T\,^vil=^^wL In this way the supports 
A, C, bear directly ^ to /; and the two F, E bear \\ol. 

Now each of these triangular fVames may be regarded, as in Case B, as acted upon 
by a vertical force at its vertex, the effect of which is to produce a direct compression 
on the two sidos, and extension on the base. To find the amount of these for 
AEG, construct the parallelogram of forces having \iol(or the resultant, and the 
components in the directions F A, F C. Representing by a the angle FAG, these 
components, as the triangle A F G is isosceles, will be equal, and each equal to 

i -: — . These components exert compressions on F A, F 0, which are transmitted tx> 

the points A and G. Here the first is sustained by the vertical reaction of the point 

of support, and that of the segment of the tie-beam A G. To find these reactions, 

. w I 
resolve ^ -. — at A into two components, one vertical, the other horizontal. The first 
sm.o * ^ 

will be ^wl\ the second ^wl cot a. By a like process, the vertical and horizonal 

components of i -. — at C will be ^ w / which is sustained by the queen-post E G 

and transmitted through it to the point E, thus producing direct extension on the 
queen-post ^wl cot a ; and the horizontal component will be equal and opposite to the 
one at A, and will produce direct extension on the segment A G of the tie-beam. 

For the second tniss A E D, there will be a direct force i w 2, and the transmitted 
force ^wljOT \wl-^\wl = \%ol acting at E. This resolved in the directions 



wl 
E A, £ D, will give \ ~ — for the component along E A, and i^ 



wl 



Bin.EDG 



for tbat 
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klong E D. These two components are traosmitted, through the rafler and stnit re- 
spectivelj, to tho points A, D, and are there counteracted by the reactions of the support 
A, and the tie-beam on the one hand, and by those of the king-poBt C D and the 
tie-beam on the other. The extension on the tie beam will he ^w I tan. a ; the ver- 
tical pressure at A* ^wl; and the pull on the king- post ^ 10 /. 

For the half A C D of the primary truss, there is a direct force ^ 10 /, and the 
transmitted force i to l^ or ^ w I + ^ k I = ^to l^ acting at C. This resolved at C in the 

wl 
direction C A and perpendicular to the direction i wlj gives for the first ^ 



and 



Bm.a 



i w loot, II. This last component is equal and contrary to the like component of 
I mljfoT the other half P C D of the primary truss. 

From this method of considering the connection of the secondary trusses with 
each other, nnd with the primary truss, and the pressures to v^hich they are subjected, 
it will be seen that the segment A F of the secondary truss, AFC, will be strained 
by the pressure at F, and by those on the segments F E, E C of the rafler ; and 
the segment A G of the tie-beam by those on C D, by which it is connected with 
A E D and A C D. In like manner the strains on the parts, E F, G D, which con- 
nect the secondary truss A E D with the primary, will arise from the pressures at 
E and C. Adding together these different forces, there obtains 



t 
i 



sin. a 
wl 

sin. a 
wl 

sin. a 



-t-i 



= 1 



sin. a 
wl 



+ i 



sm. a 

wl 

sin. a 



= ♦ 



w I 
sin. a 
wl 



sm. u 



w I 
= f — : — , for the compression of the segment A F. 

-, for the compression on the segment F E« 



, for the compression on E 0. 



In like manner the tension on the segment A G of the tie-beam will be found equal 
to j^ to / cot. a; and that on the segment G D, ^wl coL a, as this segment forms • 
part both of the secondary truss A E D and of the primary. 

Case 6. (Fig. B'). Roof Inases of wtovghi and cast-iron. 

In these combina- 
tions ihe rafters of 
the truss are of 
wrought-iron of a 
T or X cross-seo- 
tion; the struts of 
cast-iron, and the 
tie-beams and rods 
of wrought-iron, of 
round or rectangular 
cross-section. 

In ordinary spans the rafters are supported by a single strut, as at E' D', which pre- 
vents the deflection at the middle point, by the reaction of the two tie-rods A D', D', 
to which the lower end of the strut is fastened. When the length of the rafter is 
00 groat that one strut Would not give sufficient stiffness, two intermediate struts kf# 
inserted, dividing the rafter into four equal segments; the intermediate, like the maii 
8tru^ being bell in place by tie-rods. 
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In the flivt oombinatioii, there will be one secondary truBS only, as shown In ttie 
left half of the Fig. In the second, there will be three seoondarj trusses; but each 
of the two smaller ones, being conuected only with the larger secondary and the 
primary, will be affected only by the pressures on these two. 

Taking the case of a single strut, represent by v;, as in the preceding cases, the 
weight on the unit of length of the rafler; /, its length; a, the angle CAB; H, 
the horizontal reaction of the raflei^ at the point C ; R, the pressure on the strut 
E' D' ; T, the tension on the tie-rod AD'; S, the tension on C D'. 

Leaving out of consideration the weights of the strut and tie^rods, as small in 
comparison with to I, the weight of the rafters and roof-covering, w I may be taken as 
acting through the middle point E' of A C, and its moment therefore will be equal 
to the moment of the couple H,— H, at C and A. From this there obtains 

or, placing for i A D" and C D", their values i I cos. a, I sin. a, 

^WP COS. a r= H / sin. a. .-. H = ^ 10 / cot. a. 

Considering the rafter as a single beam, calling R the normal pressure at the point 
E'l and R' those at the points A, C, there obtains, Case 4, 

R = { 10 / COS. 0. R' = ^ to / COS. a. 

To find the tension T on the tie-rod A D' ; the diiferenoe between the normal com- 
ponent of the tension and that of the reaction to / of the weight of the roof at the 
point A is equal to the normal component R', therefore 

10 / COS. a — Tsin. a = -^vl COS. a. .*. T = f to / cot a. 

To find the tension S on C D' ; the difference of the component of this tension and 
of the component of H perpendicular to the rafter is also equal to R', therefore^ 

•( «0 / COS. a — S sin. a = -ji^ to / cos, 0, .*. S = 3^ to /cot a. 

As the portion of the tie-beam between the points D' D belongs only to the primary 
truss A C B, the strain upon it will be due to the horizontal reaction H of the two 
halves of the truss at C| and will therefore be equal to ^io / cot a. 

From these values of the forces of oompressiou and extension on the diflerent parts 
of the truss, the strains on the unit of area on each part can be found as in the pre- 
ceding case. 

Case 1 (Fig. B'). As the rafter is here supported at three intermediate points of 
support, dividing it into four equal segments, each of which sustains ^v/l uniformly 
distributed, the normal pressure, and consequent reactions, at the points of support 
will be the same as found, Case 3, g t. 

Representing by 

P, the normal pressure at the middle point of the rafter ; 

P', P', those at the other two intermediate points ; 

F', P", those at the ends ; 

T, T', the tensions on the segments B H, D H of the horizontal tie-rod of the! 
secondary truss ; 

\ SV those on tho corresponding segnnents of the inclined tie-rod ; 

T\ S", those on the two tfe-rods of tho smaller secondary trusses; 
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H, the horizontal reactiou of the halves of the primary truss, and which is equa* 

to the tension on the segment D D' of the tie-rod which connects them ; 
10/^ the vertical reaction at B ; 
«, the angle CBD"; 
R. the pressure on the main strut D F. 
Then there obtains for the tension H of the segment D D' of the tie-beam 

H = -^ to / COL a 

For the tension T of the segment B H of the tie-beam 

, fli . ly/ m tp/COS. « — F' 

IP I COS. a — T sin. a = P". .'. T = : .. 

sin. a 

For the corresponding tension S on the segment C I of the inclined ti^rod, 

TT • a ' iv/ Q H8in.o — P" 

Hsin, « — 8 am. a = F . .*. 8 = : 

sm. a 

For the tensions T' T'', as thej wiih T and P' are in equilibrio at the point H, the 

algebraic sumsof their components perpendicular and parallel to H C, will respectively 

be equal to zero; therefore 

T'ooa.a + T"cos.a-Too8.a = o .'. Oy + T" — T = o 

r Bin. a - r' Bin. a - T sin. . + F = o. /. {r-r'~T)8ln. a + P' = o 

In like manner, for the tensions S\ S", S and the pressure P'^ there obtains^ 

8' + S" - 8 = o 

(8' — 8" - 8) sin. a + F = o 

From these four laat equations, the values of T\ T', S', S" can be readily found, m 
S and P' are known. Those of T" and S", are 

r' = S" = i-:^ 
am. a 

The strain upon the main strut is due to the normal pressure P and the oomponenti 

of T*' and S" in the direction of P ; there obtains therefore, 

R = P + (T" + 8") sin. a. 

This value of R is balanced by the components of T', S' in the contrary direotioiL 




uPa a 



Case 8. (Fig. C) Single lattice girder. — This girder, which consists of an upper and 
lower beam A' D', A D, connected by diagonal braces A A' A' B, B B', etc., which 
make equal angles with A D, A' D', may be regarded as an articulated system in 
which the points of articulation are A, A', B, B', etc ; and the strains upon each 
pteoe may be found as in Caee 6. 

The girder may be strained either by a single force acting at any point of it peiu 
pendicular to A' D' or A D ; or by equal forces acting at the points of articulation 
B| C| D. eta, which would result from a uniform pressure along the lower beam. 

54 
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Supposing the girder to rest on lioi izontal points of support at its extremities, lei 

2 W be a weight suspended at its middle point, and a the angle between tbe braces 

ao4 a vertical lino ; then each poiut of support will yield a reaction W, and will 

cause a strain in tbe direction of the axes of each of the two pieces A A'l A B con« 

nected at A. To fiud the direction aud amount of each of these forces, let a leugth 

equal to W be set off from A on the vertical through it, as tbe resultant pressure^ 

and the parallelogram of forces be constructed on it^ having its components in the 

W 

direction A A', B A ; that in the direction A A' will be , the other W tan. a ; 

cos.a 

Bhowii)g that A A' is subjected to compression aud B A to extension. 

W 
The force is transmitted to the point A', where it is received and counter- 
cos, a ' 

balanced by the resistances offered by the pieces A' B' and A' B. Prolonging A A« 

W 
beyond A, selling off from A' on this prolongation as a resultant, and con- 
cos, fl 

Btructiug tbe parallelogram of forces in tbe direction B A' and A' B' ; the compo- 

W 
nent in the direction B A' will be ; that in A' B', 2 W tan a. The first will 

COS. tt 

cause extension, the second compression. 

The force is transmitted to the point B, where, resolved in the directions 

cos. a 

W 

B B't B A, the two components will be as before , and 2 W tan. a ; and tbe 

cos. a 

same will obtain by a like process at the other points of articulation. 

W 

From this it is seen that each brace bears a strain due to ; the one 

A A' and those parallel to it beiug compressed, the others subjected to tension. 
That, at the points, A', B', C, etc., there is a compression of the segment to the right 
equal to 2 W tan. a, from the action of each brace separately, but as these pressures 
collectively accumulate from A', by 2 W tan. a at B', C, D', etc. ; the pressures ou 
the successive segments will be 

2 W tan. a for A' B' ; 4 W tan. a for B' C ; 6 W tan. a for O D'. etc 

On the lower beam, in like manner, the tension on the segment A B is W tan. a ; 
that on B G, 8 W tau a ; on C D, 5 W tan a, etc. The corapressious and tensions 
thus increasing towards the middle of the upper and lower beams. 

It may be remarked that the directions of the compression are from A' towards 
A, etc., for tbe compressed braces ; and thnae of the tensions from A' towards B, etc. 

Were the force 2 W to act at any other point, it would he simply necessary to find, 
firom the theorem of parallel forces, the components at the points of support, and find 
from these, regarded aa the reactions of these points, the strains as just ex- 
plained. 

In the case where the weight is uniformly distributed, let 2 to be the vertical weight 
at each lower point B, C, etc., and n the number of these lower points. The entire 
distributed weight will be 2 iit9, from which there will be a reactioa n« at 
■apport. 
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It is to be noted, in the first place, that following out the same methods for the 
reaction nto aain the preoeding example for that W, the same law of compressions 
and tensions would obtain ; but as at each point B, C| D, etc., there is a direct ver 
tical force 2 U7, acting in opposition to the transmitted force through the braces, the 
components of 2 to in the direinion of the braces and lower beam must be subtracted 
from those of the transmitted forces along these pieces. 

Thus ibr the point A, the components of n w are , and m to tan. a; at the point 

COS. a 

A they are and 2 nto tan. a: at the pom to they are = i ^— 

COS. a 1 r ^ ^^^^ ^ ^j^^ ^ ^^^^ ^ 

and 2 nio tan. a— 2 n to tan. a = (2n-2) to tan. a ; at the point B' they are -^ ^and 

2 (2 n — 2) t^ tan a, eta 

To obtain the compression or extension on any brace it will only be necessary to 

2 10 
subtract from that on the one preceding. 

COS. a . 

To obtain the compression on any segment of the upper beam, there must be 
added to the compression transmitted to it by the brace with which it is connected, 
the respective compressions on each of the segments preceding it The same law 
obtains for the segments of the lower beam. 

Thus for the compressed braces A A', B B', C C i etc, the forces of compression 
sre respectively 

nio (n— 2) 10 (n— 4) to (n — 6) to 

COS. a cos. a ' COS. a * COS. a ' 

For the upper segments A' B', B' d C D', etc., the forces of compression are 
respectively, ^ 

2 n to tan. a, 4 (n^l) to tan. a, 6 (n— 3) to tan. a, 8 (n— 3) w tan. a, eta 

For the lower segments A B, B C, C D, etc., the forces of tension are respectively, 
nto tan. a, [n + 2 (n— I)] to tan. a, [n+4 (n— 2)] to tan a,[»-f<6 (»— 8)] to tan* 
a, eta 

From the preceding expressions it will be seen that the strains on the struts 
decrease from the points of support towards the middle of the truss ; and the com- 
pressions on tiie upper segments and the tensions on the lower increase from these 
points to the middle. 

It may be noted that in this case, as in Caw 5, the successive resolutions of the 
external forces might have been made by commencing at the middle secondary truss, 
composed of the two middle braces and the segment of either the lower or upper 
beam connecting their two divergent sides at the base, and in this way the same 
results have been arrived at by the successive accumulations of pressure at the points 
of articulation, from the successive additions of the secondary triangular trusses 
which compose the entire truss. In Coife 5 also, as in this case, the resohitions of 
the ex?temal forces might have commenced with the primary truss, descending from 
this to each secondary truss in its order. The mode of building up the main trus^ 
piece by piece, and showing the effect of these successive additions npon the strains^ 
« more palpable to many than the contrary procesSi 
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The foregoing expressions can each be deduced from a general term as fallows 
let i represent the numbers 1, 2, 8, &a, or the order of each term ; then 

2 t (n — »' + 1) U' tan a 

will be the general term from which the compression on each segpnent of the upper 
horizontal beam can be deduced ; and 



j n + 2 ($ — 1) (f» — i + 1) 1 10 tan a 



that from which the tensions on the segments of the bottom beam can be found. 
The maximum of the first expression is given by the relation i = — - — ; and 

that of the second by % = — - — . These values cannot obtain rigorouslj at the 

same time, since t can only be an entire number; but one of them may be rigor 
ously true and the other very nearly so when the value of n is considerable The 
two maximum values will be 

ipt/ana (n + 1)' and i p tan a ] (n -t- 1)" — 1 [ . 

In other words, if K represenis the number of times that the Regment A B is con- 
tained in the horizontal distance between the end supports ; then the greatest hori- 
zontal compression or tension will be sensibly expressed by ^ to tan a N*. 

To pass now from the abstract case above to the ordinary lattice truss, like those 
used in our country, the following approximate methods may be employed. In the 
first place, the segments of the horizontal chords which are supposed to be a system 
articulated at their extremities may be replaced by two entire beams, the mean 
fibres of which will be A B C D . . . and A' 6' C D' . . . ; for as the transversal 
dimensions of each of them is very small compared to their length, they will be 
very flexible, which will permit of their being assimilated to a system articulated as 
, above mentioned. In the second place, the single brace A A' may be subdivided 
into several others inclined like it in the same direction and at equal distances apart 
so as to occupy the space between A A' and B B' ; the same transformation may be 
supposed made with respect to the other set of braces. It will readily be inferred 
that if A B is but a small portion of the entire distances between the supports, the 
second transformation will have but a slight effect on the compressions and tensions 
of the horizontal beams ; and as regards the braces, compressed between any two 
consecutive parallel ones of the iirst system, they will as a whole produce about 
the same effects as the two they replace ; and the sum of the areas of their cross 
sections should therefore be the same as that of the two they replace. 

It should be well understood that in this change the braces of the new system 
are supposed to be connected only at their enda But in fact they are usually con- 
nected where they cross each other, which is in favor of the safety of the system, 
but as it is not easy to render a satisfactory account of the effect of this connection 
it may be left out of consideration. 

V Curved Beams. By a curved beam will be understood a beam which is made 
to assume any curvilinear form in the direction of its length, most generally, in 
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cases of practice, either that of a circular or a parabolic arc, and which .is nned to 
resist and transmit to fixed points of support the strains caused bj the exterior 
forces to which it may be subjected. 

In conformity to what most generally obtains in practice, and for the greater 
simplification of the analytical results, such a beam will be supposed, 1st, to be of 
uniform cross section; 2d, to be generated by the cross section being moved along 
the mean fibre of the beam, which is assumed to be a plane curve, so that it shall 
always be in a plane perpendicular to tliat of the mean fibre and normal to it, and 
have its centre of gravity on the mean fibre; 3d, that the dimensions of the cross 
section, in the direction of the radius of curvature of the mean fibre, shall be but a 
very small fraction of tliis radius. These conditions being satisfied, any very small 
fractional portion of the beam, comprised between two consecutive positions of tlie 
generating cross section, may be regarded as a right prism, composed of elementary 
fibres, each of which has an element of the cross section for its base, and the dis* 
tance between the two consecutive planes for its length. 

A curved beam, as above defined, when subjected to the action of external forces, 
which, for greater simplicity, wUl be assumed as acting in the plane of the mean 
fibre, may gpve rise to three distinct problems connected with these external forces. 

In the first place, all the external forces are not in all cases given ; as a part of 
them may be occasioned by the reactions caused by the fixed points, or other means 
by which the extremities of the beam are kept in position, and this reaction, being 
an unknown force, has to be found, as a preliminary step to the solution of two other 
problems: The one to find the tensions or pressures on the fibres caused by the 
external forces ; the other to find the change of form in the beam caused by the 
same forces. 

Prob. 1. To find ike forces of reaction e€Msed by (he external fareea ai ike poinU of 
eupport of the curved "beam. 

With the conditions already laid down, to further simplify the problem, and bring 
it within what usually obtains in practice: let us suppose the curved beam to be 
symmetrica] with respect to a vertical line drawn through the top point of the mean 
fibre ; that it rests at its lowest points on two supports which are on the same hori- 
zontal line; and that it is acted upon either by a single vertical force, at some point 
between the top and bottom ; or that i^ _ , ^ , 

it is subjected to a strain arising from "'• ^^* -^ 

a weight uniformly distributed along a 
horizontal line, and transmitted to the 
beam, or by one which is uniformly 
distributed directly along the beam. 

Caee 1. Let A B, Fig. D', be the 
curve of the mean fibre, regarded as 
symmetrical with respect to the verti- 
cal B, resting on the points of sup- 
port A, B, on the same horizontal line A 6 ; and let W be the vertical force acting 
on it at the point E. 

Ilepresont by W and W" the two vertical components of the forces of reaetioo 
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at the poiiiU A and B ; b y Q' aod Q the horizontal oompoaenta of the same fi>roes; 
oy 2 a the chord A B of the arc; hy d the arfn of lever of W with respect to the 
point A, regarded as the centre of iDomenta. 
From the conditions of statical equilibrium, there obtains 

Q-Q = o. 

W' + W" 4- W = 0. 
W."2a— W. (i = 0; 
Here we have but three equations and four unknown quantities. A fourth equation 
may be obtained, and the problem thus made determinate, by introducing the con- 
dition that the poinis of support shall remain fixed. 

To express this last condition, let us, in the first place, consider the force W to be 
replaced by its two components, one perpendicular to the cross section at any pointy 
as E for example, and which will produce an elongation or a shortening of the 
fibres, either by extension, or by compression; the other by a couple, die moment 
of which may be expressed by M, and which will produce liice effects on the same 
by bending the beam. The effect of these forces ou the beam, were it free to move 
at the two ends, would be to change the length of the chord A B of the arc. 

Kow, assuming the lines A X and A Y as the axes of co-ordinates ; and resuming 
equations (A) and (I') ; the first of which (A) 

WL 
^ - BA' 
expresses the elongation due to a force acting parallel to the mean fibre ; and the 
second (I') 



• tt = 



'Wz.L 



El 

gives the angle between two consecutive normals after the defieotion caused by the 
bending force&; representing hj ds the length of the elementary prism along the 
mean fibre, we obtain from £q. (A), substituting P for the normal component of all 
the forces, and for L^ dx, the projection of the elementary prism on the axis of X, 

^'« 

* Supposing the point B to move ihrongh the ftmall angle a, aronnd E aa fixed, it will de- 

aoribe an aro B M, with the radina B B, which will be 
expreeaed by E B x a. Now the horlsantaland TOftieal 
oomponenta of thia motion, conaiderlng the small aio B 1£ 
aa a right line, are B and H 0. Bat aa the triangles 
E F B and B O M are right angled and similar, then 
obtaina 

BB:FB::BM:BO = =r= = v a* 

£ To 

by snbetituting E B x a for B M, and Vt the ordinate of the point B, for F B. 
In like manner 

BB:FB::BM:MOs ? ^J* -^ -J-s (a— x) a, 

B B 

hy enhstitatlng aa above for B IC, and (a— zX the abadam of the point B, f6r F B. 

The qnantitiea B O and M O an evidentiy the amoont hy which the portion F B of the half 

span and that F E of the riae would be obanged were the point B free to take the motion fiffwimffl, 

the point E remaining fixed. 
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as the amount bj which the portion of the chord d x 19 elongated or com pressed. 
Again, from £q. (!'), substituting M for Wz the bending moment, with respect to the 
neutral axis at E, of all the deflecting forces, forming a couple, Hctiug at B, and ds^ 
the length of the elementary prism, for L; and noting that were the point B free to 
move around the neutral axis at E, that the horizontal component of its motion 
towards A would be found bj multiplying the angle a by the ordinate y of the point 
B, or y a, there obtains, to express this change of length of d a in the direction B A, 

M d 8. V 

— kT^' <" > 

Now by the addition of the expressions (a) and (b'), there obtains 

Ud9.y ?dz 
EI '^"kT"'^°^ 
to express the total elongation or compression of the portion of the chord oorre* 
Bponding to d «. Integrating (0') between the limits and 2 a we obtain 



y*9a/ Uy ds P \ ^ ^„, 



to express the fourth equation, containing the condition that the length of the chord 
shall remain unchanged. 

Now in £q. (1), M is the moment of all the deflecting forces, known and un- 
known, with respect to the point E, acting at B. Bepresenting by M' the moment 
of those that are known, and by Q y that of the unknown, there obtains 

M = M' — Qv.(d') 
In like manner, the components of P and Q, on the projection of the tangent at the 

d X 
point B, may be represented by V for that of the known forces- and by Q-^ for 

the unknown. There obtains therefore 

d X 

P = P* - Q-jf . (e') 

a 8 

In other words, M' is the sum of the moments, with respect to any point E of the 
mean fibre, the ordinate of which is y, of all the forces which act from this point 
to the point B, the moment of Q not being considered ; and, in like manner, P' la 
the sum of the projections of the same forces on the tangent at E, Q being also here 
left out. M' and P' are thus immediately functions of x and easily found ; the only 
unknown quantities in M and P being the unknown terms W" and Q ; the first of 
which is given by the third of the equations of the statical equilibrium of the 
forces. Substituting the values of M and P, expressions (d'), (e'), in Eq. (1), and 
making B I = c, and B A = e, there obtains: 

/2a /•2a /^ 2 a 



/2a 



(1) 



J 
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henoc 




(8) 



o o 

Having thua determined the valaea of W" and Q, those of W* and Q' can be found 
fh>m the three equations of statical equilibrium aboye. 

Q and Q', which are equal in the case under consideration, are the horizontal 
pressures on the points of support, and are termed the horizontal thrust 

Case 2. Tfie arc heijig atpnmeirical and loaded symmetrically. The conditions in 
this case are the same as in the preceding except that, instead of a single weight 
W acting at E, there is an equal one acting at the point O, symmetrically situated 
with B, with respect to the vertical C D bisecting the chord. 

Taking D Y and D X as the axes of co-ordinates, £q. (I) beoonies for this case, 

ia 




(}iyda Pv , ^ ,,v 
t ax $j 





dx 
Substituting In Eq. (4) M' — Q y for M, and P' — • Q -z— for P there obtain^ 

of * 



fi^'-^f 




^dm 




= 0. (6) 



/a y%a 

.4. J . 




(«) 




dx + I — 5- dx 
« dt 



K 



< 
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AppUcoUan of (he preceding JS^. to fhe case of a curved beam (he mean JSbre of 
which ie a circular arc, and iohich is acted on by a weight W applied at the point R 

Case 1. Let A G B (Fig. E') be the arc of mean fibre, supported at the pointe A, 
B, and acted on at the point E bj the weight W. 

Taking for the centre of the cUrve^ let T, D X be the oo-ordipate axes 
Repreaent bj 



Fio. E' 



3 a = A B the chord of the 
arc; 

/ = D C the versed sine, or 
rise; 

P = O B the radius of the arc; 

a the angle which a radius O I, 
at any point I, makes with the axis 
OY; 

f the angle which O B makes 
with T ; 

B the particular value of a whidi 
corresponds to the point K ; 

W", Q, W, Q' the vertical and 
horizontal components of the forces 
of reaction at the points B, A. 

Using the same notation as in 
the preceding equations; there ob- 
tains to express the statical condi- 
tions of equilibrium 

Q-Q'=0 

W' + W" — W = 

W p (sin ^ + sin 0) = 2 W'' ^ sin f. 

Eliminating W between the second and third Eq& there obtains: 




W" = 4 W (1 + 



sin 9 



Bin 



;> 



W and W" being known firom th^ first two Eqs. there remains onlj Q and Q to 
be found. To find these, it will only be necessary. to substitute the known terms 
in these Eqs. in Eq. (8) to find Q. But we have a more simple and neat method 
of arriving at the same result by supposing an equal weight W to act at the point 
G, symmetrical with respect to E, and the co-ordinate axis Q T, and then to use Eq^ 
(6) to find the value of Q. Supposing the second equal weight W to be applied at 
G, and that the horizontal component of the new reaction to be represented by Qt 
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then, by a veiy simple prooeas of reasoning, it can be shown, that the relatioii 
expressed by 

will obtain. 
Introdudnjf this value of 2 Q iu Eq. (6), there obtains 



y V' U'-* 




o 

t dx i 4 ds 



In finding the ralaes of M' and P', it must be observed, that, after the application 
df the seoond weight W, the vertical components of the reactions at A and B are 
respectively W. 

Now, in calculating the values of M' and P' in functions of the angle «, the fol- 
fowing relations obtain, 

Froma = 0toa = e.|M' = Wp(sin^-.rin6), 

Proma = etoa = ^ JM' = Wp(8in^-8in«), 

^ (P' = — Wsina; 
also y s= p (cos a^^ooa^^x^pBiaOf ds=z p da, dxzsp oob a da; substituting 

these values of M', F, Ac., in Eq. (7), and observing that p = -. — , and c and $ are 

am ^ 

constants^ there obtains for the numerator of the fraction, 

/a y%e 

m'y di P'\, Wp« ^ ^ .. / , 

( — ^ "T" "* jdxss — !- (sin f — sin 0) # (oosa — oos^)ii« 



H ^ / ]sin(^ — s{na)(co8a — oos^) ^sin*^slnaooac >ila; 



and for the denominator^ 



{a)VatihBfnibegrt}nt dnaoosatfauidf ooflsadane Ch.vroh*9 CkOeUhu, Axtt. 190, 191, p^ 
MS, 966w 
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Perfonning the algebraic operations indicated by the symbols, and integrating 
the resulting monomials, by well-known rules, (a) nnd then doubling the denomi* 
nator of Qi, the value of Q will be found. This value can be placed under the 
following form : 

A — t-^Bin* ^ (sin • ^ — sin« B) 

Q = W , (8X 

B + -ysin' ^ (^ + sin ^ cos 0} 

by making 

A = i (sin* f — sin' 0) + cos ^ (cos + sin 9 — cos ^ — ^ sio ^X 
B =■ ^ + 2 ^ cos* ^ — 3 sin ^ cos 9. 

Ca9e 2. Boriayntal thrust caused by (he weight of the curved piece itself^ or by a 
weight uniformly distribiUed over a portion of it% length* 

Represent by w the weight uniformly distributed over unity of length of the mean 
fibre ; by B\ and 9s the limits of the angles between which a weight expressed by 
w p(B^ — Bi) acts; and by to f> d the weight on the element of the arc comprised 
between B and B -k- dB. 

Now, the infinitely small horizontal thrust d Q, caused by the weight w pdB dis- 
tributed over the arc p dB^ will, from £q. (8), be expressed by 

•A. — i — 5- b\u* f (sin* ^ — sin* B) 

dQ= wpdB. (9) 

r* 

B + — jj-sin* ^ (^ + sin ^ cos 9) 

Clearing the denominator, Eq. (9), dividing by w p, and integrating, there obtains 

/Bt 
A d — i -^ sin* tp \ (0t— 0i) sin*^ 

8\u* BdO I 




a/ 



(b) Por the integral / // nn tf see Chitrch*ti Oalculu^ Art 16S, p. S84. 
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Bestoring the preceding value of A, performing the algebraic operations indicated 
bj the symbols, and integrating the several differential monomialS) there obtain^ 

Q ( t^ ) 

- "< B -♦- -^sin* ^ (* + sin ^ cos ^) > = (J sin* f — cos" f — ^sin^oos^ — J) 
10 p i or ) 

X (fl| — ®i) + J (sin 09 cos Bi — sin 0i oos Si) 

+ 2 cos ^ (sin 0s ^ sin 6^) — cos ^ (0s oos 0i — - Oi cos $i) 

_i Jsin.^ j(«.-fl.)(sm«#-l) + i8m..co8fl.-j8in«.ooe<,. [.(10) 

Bj making C = i — | cos* ^ — ^sin^co3^ + } — ^ cos ^ and D = ( (sin* ^ 

f 

— i + i — - cos ^), placing them in the preceding Eq., and then obtaining the 



value of Q, we have 






Q=2«^^ ^ (11) 

B H — i- sin* ^ (0 + sin ^ cos ^) 

foe the horizontal thrust due to the weight of the curved piece; and whidi would 
be sensibly the same in form were a weight uniformly distributed over the top suiw 
face of the piece to be added to its own weight. 

To apply this formula when the weight of the entire curved piece is alone con- 
sidered, we should have to substitute, in Eq. (10), for to the weight of a right prism 
having the same cross section as the piece, and one foot, if the foot is the unit of 
measure, in height, and make 0, = ^, 9i = — 0, at the same tima 

Case 3. A weight being uniformly distribtUed along (he chord of ihe (xrCf or over a 
horizontal line through its orown^ and transmitted to the pieces to determine (he hori' 
tonial thrust. 

To this case, as the w corresponds to the unit in length measured along the hori- 
Eontal, the elementary arc of the mean fibre, which has for its length p d 0, will have 
for its projection on the horizontal, p ooad dB, and it will sustain a weight expressed 
by 19 p oos (2 0. Substituting this value in Eq. (9) there obtains 

A — tIy8in«0(siuV — 8in"0) 

dQ = t(;f)CO80rf0 . (12). (c) 

r" 
B -f- ~|-sin'^(^ + sin^oos^) 

To obtain the Value of Q between any two limitS| 0i and 0s, Eq. (12) most be 



(c) For the integral #9 irin om 0tf 0, which oooan In Bq. OS), see Ckurck*$ CWbKllia, Azt. 
1601, p. 384, and Art 190, p. S86. 
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integrated between these limits. Performing the algebraical operations indicated 
by the symbols, and integrating each of the differential monomials, there obtains^ 

— ^ B+ -j-8in»^(^-|-Mn^co8^) [ = (isin^^-cos*^— ^sin^cos^) (sin^i-sin^i) 
to p \ a ) 

— i(8in"0a — 8in'fl,) + icos^(*, — ^0 

+ ioos^(fl,sin"(^, — eisin'a,) + }oo9^(ainfl,co8 9,— 8in«iC08 9x) 

— t-5-8inV I (sine,— sin ffj) sin V — i («»•«,— sin" tfi) [. 
Bj making 9| = — ^, 0, = ^ and substituting — : — for p, and making 

' 0' = — i + Awn*^ + J-:^cos^ — i^sin^cosf, 
there obtains / 

C — i4-8inV 
q = 2wa . (18) 

B H — 5- sin"^ (f + sin ^ cos^) 

for the value of the horizontal thrust in this case. 

By introducing the value of the versed sine, or rise C D, (Fig. E') represented by 

ff into the preceding ezpressions, and by suitable developments and changes, for 

the purpose of simplifying the results, the details of which cannot be entered into 

here, it can be shown, that, when the rise is small in comparison with the span, or 

~ is a small fraction, the resulting values of Q will be approximately as follows: 

When the load is uniformly distributed over the mean fibre^ 




and when distribute uniformly over the chord, or span, 




' 1 


— 


1/' 

1 a' 


1 


+ 


18 r» 




Q=^H 1^ 1.(0 

Now, as the value of Q in the case of a suspension system, having 2 a for the 
span and/ for the rise, in which the weight w^ on each unit of length, is uniformly 

distributed over tlte span, is expressed by Q = -r, it follows, from the preceding 

value of Q, that it is less in a rigid than in a flexible system, under the same cir- 
cumstances. 

Prob. 2. To find the maximum hngitudinal strain on the unit of area in amy givm 
cross section. 

The next problem, connected with this subject, is to find the amount of tension 
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or oompreasion on the ttnit of area of any croes flection of the piece, having gtven 
the extraoeouB forces to which it is subjected. 

In the aolutioD of this problem, the hypotheses will be adopted : 1st, that the 
distances of the extreme fibres from the horizontal line drawn through the oeutre 
of gravity of the cross section are equal ; 2d, that the weight, comprising that of 
the piece itsell; is uniformly distributed with respect to a horizontal line drawn 
through the points of support; 8d, that the material is homogeueoos throughout. 

Preserving the same notations as in the preceding oases, call y the distance of anj 
fibre from the horizontal throngh the centre of gravity of the section considered ; 
+ h and — h the distances of the extreme fibres ttom the same point 

As shown in what precedes, all the extraneous force, by which any cross section 
is strained, can be reduced to one P acting in the plane of the mean fibre and per- 
pendicular to the cross section ; and to a couple the moment of which is represented 
generally by M. Now from Eqs. (A) and (K) § | we have to express the strain on the 

P P F 
unit of area, arising A'om the force P, --, or — -, substituting « for E A; and for the 

A C 

Strain on the uuit of area, at the distance y from the neutral axis, subatltnting in 
£q. (K) M for W 2; and c for I, there obtains, to express this strain, 

MEy 

c 

Regarding the normal component P as positive, its value at before determined 
will be expressed bj the equation, 

P = — QcoBa — ivp sin' a ; 

and the moment M by the equation 

M=:iwp*(sin*^ — sin'a) — Qp(oofla — cos^). 

The value of P, as here given, being essentially negative, the strain on the unit 

PE 
of surface, expressed by — , will be one of compression. As to the expression 

8 

M E f/ 

-J which may be either positive or negative, it may give strains either of tension 

or compression, as points on one or the other side of the neutral axis are taken : the 
points strained may be either on the concave or convex fiice of the curved piece, as 
M is taken positive or negative. ' 

As the strains due to P and the couple M are superposed, there will be a strain 
on the unit of area at the distance y, the absolute value of which will be expressed 
by 

PE MEy 

and when M produces a pressure, the sign of the second term of the preceding 
expression should be so taken as to add the two terms together. But, for the 
points, where M, acting alone, would produce a tension, their difference should be 
taken. 
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Kow of the diJerent yalues of this algebraic sum of the soperpoeed foroeSi which 
yarj with the angle a, or the assumed position of the cross section, that one is the 
important one which gives the greatest cross strain on the unit of area at that point 
in which this strain is greatest in each cross section, or the value of y corresponding 

to + x-and — -. 
2 2 

Before proceeding to find this greatest value of the strain in question, it ii(ill be 

HEv 
neoeflsary to ascertain which of the two signs of should be taken, as respects 

the position of the cross section considered. For this purpose, taking the value of 
H, which is 

M = — Q (B (cos a — cos ^) + W" p (sin ^ — sin «) — J la p* (sin ^ — sin «)•, 
making Q = n 2 io a, n being a number to be calculated, and recalling that W" =s 
10 p sin ^ = 10 a, and substituting these values of Q and W in the preceding 
expressions, there obtains 

lizs^wp* (sin* f — sin* a) — 2 n w p" sin ^ (coa a — coe ^); 

and as sin* ^ — sin* a = cos* a — cos* ^ there further obtains^ 

M = ^ w P* (cos a — cos ^) (cos a + cos ^ — 4 fi sin ^). 

This expression reduces to zero for a = ^, as was to be expected, since the reao* 
tions of the support were supposed to be taken at the centres of elastidtj of the 
extreme sections ; it also reduces to zero for 

cos' a = 4nsin^ — cos^=co6ai; 

but this solution is true for a point of the mean fibre only if the angle ai, deter* 
mined by the above equation, is real and leas than f. The two oonditiona must 
then be imposed, viZs : 

4ii8iii^ — 0089 < 1 

4nBin^ — 006^ > cos^ 



From the first we find 



4nsin^<l + co8^ 
^ 1+cosf ^ 1 



4 sin ^ 4 tan i ' 

n must then be leas than -r 1 — * which is always the oassL for It has been 

4 tan t^ 

8ho#n that 



ip a* 



and, consequently, 



2^7^17'^* ^4 taut/ 



The second condition remains now to be considered. It may be written 

f» > i cot ^. 
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Taking n greator than i cot ^ the moment 
M will become zero at some point, as H (Fig. 
F'), oorreeponding to an anglo ai, comprised 
between and ^, that is, the curre B I F, the 
locus of the centres of pressure in the con- 
secutive sections, will have two points, B and 
H, in common with the mean fibre GAB. 
i^ This being ao^ M will be podtivo between « 
= and a = «!, whilst it will be negative be- 
tween a = ai and o = ^ ; for the factor cos a + 
cos ^ — 4 n sin 0, which gives its sign tO IC, 
decreases when a increases; then, since this 
factor is zero for a = ai it is positive for all 
smaller values of a, and negative for all great- 
er. The formula giving the maximum press* 
nre at anj given section will be: 



fiom a = to a r= ax 

from a = A] to a = ^ , 



E 
g = ~(-P + 

E 



2r»/ 



2 






If on the contntry n < ^ oot ^, it woald mean tbat, even for « = ^ IC would 
■till be poeittTe, and consequently that it would be so throughout the ara We 
would only have to examine the expression 



K, „ MA 



)• 



It is eas7 to see in these two cases the position occupied by the curve of pressure* 
In fact M is only the moment of the force P applied to the tsentre of pressure, 
referred to the centre of elasticity in the same section. Then, from the known 
direction of P and the positive direction taken for M, we may conclude tbat if M> 0, 
the curve of pressure lies above the mean fibre, and below if M < 0. 

We can now consider the principal question. There are two cases to be dis- 
tinguished, when n > i cot ^, and when n < ^ cot ^ ; for it has been shown that 
the maximum pressure in a given section is generally differently expressed in pass- 
ing from one to the other of these cases. 

The maximum pressure in a given section is expressed, then, by the following 
formulas: 

In the portion OH of the piece (Fig. FO; g = ~(— P+x-i), 



In the portion H B 



E 



,' = -(-P 



Uh 



2r* 



Substituting for P and M their valaes, in terms of a, arranging the terms as re- 
spects the cos 0, and placing 1 — cos* a and 1 — cos* ^ for sin' a and sin' ^ , there 
obtains : 
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+ 1 + ^ JL.oos^(4n6in^ — ooe^) J 

[— (1 + i•^^co8•a^-(l + i-^^2«8in^coea^ 
4- 1 — ilAoo8#(4n8in^ — C08^) J 

The greatest of the maxima of these two expressions must be obtained when a 
VBries between the limits in which they are applicable, viz., between and ai for 
the first, and ai and ^ for the second. 

To this end (Fig. F) it may be remarked in the first place that If q and 9^, are 
represented by the ordinates of two curves of which the corresponding values of 
the cos a are the abscissas, all the ordinates will be positive within the above limits. 
Moreover these curves will be parabolas : the one belonging to q having its con- 
cavity uppermost, the other lowermost This is easily seen, by recalling that 

r* <-T-; whence ^ ^< r * ^ ^® other hand, as A can be but a small fraction 

of p, it follows that ~ — 1, and still more | -^ — 1 are positive quantitieB. Hence 

the co-eiBcient of cos' <i is positive in the first equation, and negative in the second ; 
therefore the two parabolas should have the above-mentioned position. 

From this position, it can be at once seen that the greatest value of q should 
belong to one of the limits a = or « = — aj. The first will give 

gi = ^B I2n8in^ + i^«in*r8in^ — 4n(l— coe^)J >, 

or else, since sin ^ = a and — ^ — — = tan 1 ^, 

am ^ 

«i=^E[2« + i~(l-4«tani^)]. (1) 

As kO the value belonging to a = ai or to the point H, it cannot be considered 
here, for it will be found among the values of g' ; the point H belongs as much to 
the portion B H as the portion C H of the mean fibre. 

The parabola belonging to q* turning its concavity to the axis of a^ and having 
its ordinates positive, it is plain that the horizontal tangent will give the maximum, 
if it belongs to a value of cos a between the limits cos ai and cos ^ : the maximum 
must belong to one of these limits. Let us seek the condition for the first hypo- 
thesis. For this, let at be the angle a belonging to the horizontal tangent in ques- 
tion : this angle must satisfy the equation 

dq' 



aoosa 



whence^ 
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-(i+i^-^)«»- + a+i^)*»^^«^ 



OOe a« =rn 810 ^ 



1+*'^ 
1+i^ 



This valae will be true for 

006 ai < 008 ai and 008 «« > 008 ^ 

that ifl^ sobstitutiDg for ooe at and oos at their valnes, 

n sin ^ <4n8iii^ — 008^ 

nnnf > ooe f, 

CollecdDg in the first inequality the terms oontaining fi^ it beoomes 

and, thns written, it is an evident consequence of the seoond. The latter gi 

n > i oot ^ 



(.^) 



n>ioot^f 1 + 



The first principal case is characterized by the relation n> ^oot^; bat tibia 
inequality does not necessarily involve inequality (2), because ^ oot ^ is there mnl* 
tiplied by a factor greater than 1. This case must then be divided into two second* 
aiy cases. 

1st. JTie ecndition expressed by ineqfiaUty (2) i$ eatisfled. The maximum presBiiro 

on the portion H B then belongs to a = aj. It is found by the substitution of ooe «a 

ph 
in the general expression for q' ; but to avoid a complicated calculation, ^ being 

quite a large number, the value of cos a^. 
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008 a, = II mn f , 

will differ little from 2 n sin ^, because there is no great error in sappreasing the 
term 1 in the numerator and denominator of the fraction. Beeidos, when near a 
maximum, we can, without sensible alteration, talce the value of the function cor- 
responding to a value of the variable that is near the one (fiving the maximum. 

Substituting 2 n sin ^ for ooe a in the expression for q*, and making p = —, — , we 

wOl find for the value of ^i^of the maximum in question 

2d. The inequality (2) u not satisfied. Under this supposition, the parabola be* 
longing to q' has not, in the portion considered, a horizontal tangent The maxi* 
mum, in this portion, belongs then to one of the two limits a = ax or a = ^. Cos «! 
is known from the equation 

cos ai = 4 n sin ^ — cos 0. 

PB 
Substituting successively this value and cos ^ in g', which here reduces to '. 

8 

because M reduces to zero at the limits in question, we find two results, 

g't = --5- B [6 n sin ^ cos ^ — (8 n* — 1) sin" fl 

= -^ B [6 n 008 f — (8 «* — 1) sin ^] , 

q't = B (2 « 008 ^ + sin ^) (4) 

e 

It is easy to see that q'^, the value belonghig to cos a = cos ^ is greater than q'9, 
for by subtraction 

g't — g't = 4 n £ (2 n sin ^ — cos ^), 

c 

Besides, in the present case, we have n > i cot ^ and, consequently, 2 n sin ^ > 
ooe ^, which proves the enunciation. In the seoood subdivision of the first principal 
case, the maximum pressure on the part H B, is at the point B, and is given by 

formula (4). 

In whichever of the two subdivisions it is found, we must always, to obtain the 
greatest maximum souprht, take the maximum in the portion C H, then in the por- 
tion H B, and choose the greater. The preceding disousaion on the first principal 
case may be thus summed up : 

When n {the ratio of the thrust to the entire weight of the span) is greater than ^ 
^imit indicated hy ineqiialUy (2), the maximum preamre wiU he the greater of the two 
values given hy the formulas (1) and (8), the first of which belongs to (he extrados ai 
tfie top, and Vie second to the intrados, ai a point taken on the aire helioeen the springing 
Une^ A, B and the crown O. 
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Wlien n is included between the above limii and i cotipfWe must in ffie preceding 
rule eubsiitute formtda {4) for (8), which gives the maximum pressure ai Ihs joint of 
the springing lines. 

Maximum pressure when n <icot<^ In this case we bavo onlj to oonsider the 
ezpreasioQ 






the maximum for which is to be found for a varying from to ^. This expression 
is identical with that for q already used ; if then the corresponding parabola be con- 
sidered, we must conclude that the maximum for this expression must necessariJj 
belong to one of the limits of a. Besides « = gives formula (I) ; a = ^ gives 
formula (4), for M being zero, q and q* become equal. Henoe the greater of the two 
values given by these formulas must be taken. ConseqwfiQy there is no diference 
between the second principal cane and the second subdivision of the first case. 

The only cases to be distinguished are, then, n greater and n smaller than the 
limit given by formula (2): the first requiring the use of formulas (1) and (3), tho 
second that of formulas (3) and (4). 

In the preceding discussions, as the material is considered homogeneous throughout 
the cross section, e is only the sum of the products of the superficial elements by the 
coefficient of longitudioal elasticity E, or E A, since B does not change finom one 
fibre to another; hence 

B_JB_ __1 
«■" BA "^ A' 

Prob. 3. 7b fmd ihs changes in the versed sine^ or rite^ C B, (Fig; K), of (he curve 
of Vie mean fibre from (he action of (he eatraneoua forces. 

Having determioed, by the preceding calculations, the values of all the extraneous 
forces, the change in the dimensions of the rise of the arch can be found, and the 
now remaining problem resulting from their action be solved. 

Case 1. Let the beam, in the first place, be taken as subjected to a strain arising 
from a weight uniformly distributed along the mean fibre. The action of this weigb^ 
supposing the extremities of the curve at A and B to be fixed, would be to press 
the crown at C downwards, and thus change the length of the rise CD; or, sap- 
posing the curve to be firmly fixed at G and to be left fiee at B, to change the posi* 
tion of B vertically in relation to C. The amount of this vertical change in the 
|K>sition of B is given for any point from B to C in the foot-note to page 430, and Is 
equal to (a — x) a: in which, according to the notation used in the preceding prob- 
lems, a is the infinitely small angle between two consecutive normals, and (a ^ c) 
is the abscissa of the point considered ; D Y and D X being the axes of co-ordinates. 

Resuming the Eqs. (K) and (A), and representing by A / the change in length of 
the rise, there will obtain, to express this quantity, 



Now M, as in the preceding propositions, represents the sum of the moments of 



$ 
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all the extraneous forces, including those of the reactions at the points of support; 
and P the sum of the components of the same forces perpendicular to the plane of 
the joint considered; or, in other words, the sum of the projections of these forces 
on tiie tangent to the mean fibre at the point whose abscissa is (a; — a), and ordi- 
nate y. 

As in the preceding propositions, so all the variables in the preceding expression 
(X') will be expressed in that of one alone, which is that of a, the angle that any 
assumed radius I makes with the axis Y. 

Denoting, as before, by 0, the value of a for any joint E; and by vf the weight 
of the load uniformly distributed over A G D for eadi unit of length of the curve, 
there will obtain : 

w p dd^to express the weight on the element fdO; 

w p ipf for the vertical reaction at the point B ; 

w p ^ (p 8iu<^ — P sin a) z= w p* ^ (sin — sin a), for the moment of the reaction 
due to the weight of the portion I B of the arc ; 

— / IV pdB{pBiad — p sin a), for the moment of the weight of the portion IB; 

a 

— Q (p COS a ^ p COS 0), for the moment of the horizontal reaction at B; 
Therefore, there obtains, to express M, 

M = — / « f)" (sin B — sin o) d fl 4- « p* ^ (sin ^ — sin a) — Qp (cos a — oot ^), 

a 

In like manner, there obtains, 

P = — Qcosa — top^sina + top(^ — a) sin a. 

By reduction, M and P become respectively 

M = — top^ (cos a — cos ^ + asina — ^sin^) — Qp (ooe a — ooe ^); 

P = — Q cos a — u; p a sin a. 

Now expressing a;, y, d « fta in terms of a, there obtains 

jB = p sin 0, V = p (cos a — 008^), <{9; = pcosada,dy = — psinadfl^ 

d« = pda, a=-DB = psin^. 

Substituting these values in £q. (X'), there obtains^ 

•»A/s->-^/(sin a — sin ^) (cos a — cos ^ -fasina — ^sin^)da 





Q p /• 
H ^ J (sin a ~ sin ^) (cos a — oos ^) d 



w p' /» ' Qp /* 

+ # a sin* ada+ -fsinaCOSad 



446 AffSKDIX 

From the reductions required in the a.gebraic operatiooB of the preceding propo« 
sitions, all the differential monomials in the foregoing value of —A/can be readily 

integrated, except / a ^* a d a, (d) which becomes by integration, 

o 

— ia8ina006a + ^ Bin' a-{-^ c^. 

Performing then the algebraical operations indicated, there obtains, 
-*A/=^i^f— j8in*0+ ?-^8in^cos^ + l— cos^— ^8in^+^«8in«^ + ~^| 

— ^-^(- sin» ^ — ^ sin ^ cos ^ + cos ^ + 1 J 



w 
4 



f/'— 2^8in^co8^ + sin*^ + f )+ ?^8in* ^ W 



When the arc ^ is small, which is usually the case within the ordinaiy limits of 
practice, the preceding expression, by suitable reductions, the details of which can* 
bot be entered into here^ reduces to 

Although the preceding expression has been constructed under the supposition that 
^ is quite small, and the arch very flat, in which case ^ ^ = a, and ^ = 2 tan |; ^ = 

-^, it will still give approximate values of no veiy considerable erryrs when ^ ^--, 

in which case/= a = p, and the preceding expression becomes 

W ft 



-A/== 



' ^1.66 + O.om.f^,(x'0 



Case 2. Tofitid the changes in ihe versed sine of ihe cwrve when (he weighty or load^ 
is uniformly distributed over the chords or span of ihe cwrve. 

In this case, as the weight is uniformly distributed along the span, calling v^ the 
weight on the unit of length of the span, that on any portion of it, denoted by ( 
and which acts perpendicular to it, will be t^;' 2. 

Adopting the same notation, only changing w into w\ as in the preceding case^ 
tDere obtains, 

— i to* p' (sin ^ — sin a)\ 
for the moment of the portion of the weight distributed over that portion of the are 
which corresponds to I B ; «(;' p' sin ^ (sin ^ — sin a), for the moment of the vertical 
reaction at B ; 

— Q p (cos a — cos ^), for the moment of the horizontal reaotion at the point K 

(d^ For this integration see Church's OzIcwhM, art. 169, pa. S34, and art 100, pa. 964. 
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Therefore, to express M, there obtaiDs, 

M = — i w* f* (sin — sm a)* + w* p« sin ^ (sin ^ — sin a)-»-Q ^ (cob a — oob ^ i 
in which expression that value of Q (Eq. f) which has been found for the horizontal 
thrust when the weight is uniformly distributed along the span must be here taken. 

Substituting in Eq. (X*), and going through a series of operations and reductions 
in all respects analogous to the preceding case, there obtains, 



— A/=1.56 






ft 



Ttom calcolations made of the exact values of A /for - and j, it has beon found, 
that the one given by the preceding expression (y') will be very nearly exact for 
r-; but that for - the result will be noticeably too great, but still will not increase 
A /more than 40 percent, of its true value. 

Table of the average vaiuea of ike Moduli E and C 

Average values for E, the modulus or coefficient of longitudinal elastidty for some 
of the more common building materials. 

Cast-iron, E =? 17,000,000 lb& per square inch. 

Wxought-iron bars and bolts, 29,000,000 " " •* •* 

Wrought-iron wire, / 26,800,000 «» « « •• 

Bteelbars, 35,500,000 " " " « 

Pinetimber, 1,600,000 « " •* « 

Oaktimber, 1,700,000 « •' " •* 

Average values of C» the modulus or coeffident of lateral elasticity. 

Gast-iron, ; G = 2,850,000 lbs. per square inch. 

Wpought-iron, 9,000,000 " « " « 

Pinetimber, 89.000 « «*. u u 

Oaktimber, 82,000 *« •« « •• 



For ftillflr darelopmenti of the iill^eot of fhii Kote^ a«e MoMley : Mtehanieai PHnelpUe ^ 
WttffineeHnff and ArtihiUtitmre^ Navlflri Coun de Mktmique JjfpUquSe^ Btmm: Ootm 
ieMkandtueJppMquie, 



